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NUCLEIC ACID ADjtJVANTS 
Technical Field 

The invention relates to the fields of molecular biology and immunology, 
5 and generally relates to nucleic acid immunization techniques. More specifically, 
the invention relates to polynucleotides encoding an adjuvant, and to 
immunization strategies employing such polynucleotides. 

Background 

Techniques for the injection of DNA and mRNA into mammalian tissue 
for the purposes of immunization against an expression product have been 
described in the art. The techniques, termed '"nucleic acid immunization" herein, 
have been shown to elicit both humoral and cell-mediated immune responses. 
For example, sera from mice immunized with a DNA construct encoding the 
envelope glycoprotein, gpl60, were shown to react with recombinant gpl60 in 
immunoassays, and lymphocytes from the injected mice were shown to 
proliferate in response to recombinant gpl20. Wang et al. (1993) Proa Natl 
Acad. Scl USA 90:4156-4160. Similarly, mice immunized with a human growth 
hormone (hGH) gene demonstrated an antibody-based immune response. Tang et 
al. (1 992) Nature 356: 1 52-154. Intramuscular inj ection of DNA encoding 
influenza nucleoprotein driven by a mammalian promoter has been shown to 
elicit a CD8+ CTL response that can protect mice against subsequent lethal 
challenge with virus. Ulmer et al. (1993) Science 259:17454749. 
Immunohistochemical studies of the injection site revealed that the DNA was 
taken up by myeloblasts, and cytoplasmic production of viral protein could be 
demonstrated for at least 6 months. 

Summary of the Inveation 
It is a primary object of the invention to provide a polynucleotide adjuvant 
30 composition containing first and second nucleic acid sequences, wherein the first 
nucleic acid sequence is a truncated A subunit coding region obtained or derived 
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from a bacterial ADP-ribosylating exotoxin, and the second nucleic acid sequence 
is a truncated B subunit coding region obtained or derived from a bacterial ADP- 
ribosylatittg exotoxin. Each of the truncated subunit coding regions has a 5 f 
deletion and encodes a subunit peptide not having an amino terminal bacterial 
5 signal peptide. 

The first and second nucleic acid sequences may be present in the same or 
in different nucleic acid constructs. The truncated subunit coding regions may be 
obtained or derived from the same bacterial ADP-ribosylating exotoxin and, in 
certain preferred embodiments, the bacterial ADP-ribosylating exotoxin is a 

10 cholera toxin (CT) or an E. coli heat labile enterotoxin (LT)> In addition, at least 
one of the truncated subunit coding regions may be genetically modified to 
detoxify the subunit peptide encoded thereby, for example wherein the truncated 
A subunit coding region has been genetically modified to disrupt or inactivate 
ADP-ribosyl transferase activity in the subunit peptide expression product. 

15 It is also a primary object of the invention to provide a polynucleotide 

adjuvant composition containing first and second nucleic acid sequences, wherein 
the first nucleic acid sequence is a modified A subunit coding region obtained or 
derived from a bacterial ADP-ribosylating exotoxin, and the second nucleic acid 
sequence is a B subunit coding region obtained or derived from a bacterial ADP- 

20 ribosylating exotoxin. The modified A subunit coding region and said B subunit 
coding region each encode a mature subunit peptide, and the modified A subunit 
coding region has been genetically modified so as to delete a C4erminal KDEL or 
RDEL motif in the subunit peptide encoded thereby. 

As above, the first and second nucleic acid sequences may be present in 

25 the same or in different nucleic acid constructs. The truncated subunit coding 
regions maybe obtained or derived from the same bacterial ADP-ribosylating 
exotoxin and, in certain preferred embodiments, the bacterial ADP-ribosylating 
exotoxin is a cholera toxin (CT) or an E. coli heat labile enterotoxin (LT). In 
addition, at least one of the truncated subunit coding regions may be genetically 

30 modified to detoxify the subunit peptide encoded thereby, for example wherein 
the truncated A subunit coding region has been genetically modified to disrupt or 
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inactivate ADP-ribosyl transferase activity in the subunit peptide expression 
product. 

lii certain aspects of the invention, the above compositions can be 
provided in particulate form, for example wherein the compositions are 
5 particulates suitable for delivery from a particle delivery device. In this regard, 
the present compositions may be coated onto the same or a different core carrier 
particle and thus suitable for delivery using a particle-mediated transfection 
technique. Preferred core carrier particles will have an average diameter of about 
0.1 to 10 p,m, and may comprise a metal such as gold. Accordingly, it is a still 

10 further object of the invention to provide a particle delivery device loaded with 
(e.g., containing) a particulate composition as defined herein. 

It is also a primary object of the invention to provide for the use of a 
composition containing a first and second nucleic acid sequence, where each 
sequence includes a coding region for a subunit from a bacterial ADP- 

1 5 ribosylating exotoxin in the manufacture of a medicament for enhancing an 

immune response in a vertebrate subject against an antigen of interest in the said 
subject. The antigen of interest and the composition are administered to the 
subject such that fee toxin subunits encoded by the first and second nucleic acid 
sequences are expressed in an amount sufficient to elicit an enhanced immune 

20 response against the antigen. The first nucleic acid sequence contains a truncated 
A subunit coding region obtained or derived from a bacterial ADP-ribosylating 
exotoxin, and the second nucleic acid sequence contains a truncated B subunit 
coding region obtained or derived from a bacterial ADP-ribosylating exotoxin, 
however with the proviso that each of the truncated subunit coding regions has a 

25 5* deletion and encodes a subunit peptide not having an amino terminal bacterial 
signal peptide. 

It is a related primary object of fee invention to provide a method for 
enhancing an immune response against an antigen of interest in a subject The 
method generally entails: (a) admimstering the antigen of interest to fee subject; 
30 (b) providing an adjuvant composition comprising first and second nucleic acid 
sequences, wherein the first nucleic acid sequence is a truncated A subunit coding 
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region obtained or derived from a bacterial ADP~ribosylating exotoxin, and the 
second nucleic acid sequence is a truncated B subunit coding region obtained or 
derived from a bacterial ADP-ribosylating exotoxin; and (c) adioinistering the 
adjuvant composition to the subject, whereby upon introduction to the subject, 
5 the first and second nucleic acid sequences are expressed to provide subunit 

peptides in an amount sufficient to elicit an enhanced immune response against 
the antigen of interest. The subunit coding regions are truncated in that each 
coding region has a 5 1 deletion and encodes a subunit peptide not having an 
amino terminal bacterial signal peptide. 

10 It is yet a further primary obj ect of the invention to provide for the use of 

a composition comprising a first and second nucleic acid sequence, where each 
sequence includes a coding region for a suburrit from a bacterial ADP~ 
ribosylating exotoxin in the manufacture of a medicament for enhancing an 
immune response in a vertebrate subject against an antigen of interest in the said 

1 5 subject The antigen of interest and the composition are administered to the 

subject such that the toxin subunits encoded by the first and second nucleic acid 
sequences are expressed in an amount sufficient to elicit an enhanced immune 
response against the antigen. The first nucleic acid sequence contains a modified 
A subunit coding region obtained or derived from a bacterial ADP-ribosylating 

20 exotoxin, and the second nucleic acid sequence contains a B subunit coding 

region obtained or derived from a bacterial ADP-ribosylating exotoxin, however 
with the proviso that the modified A subunit coding region and B subunit coding 
region each encode a mature subunit peptide, and with the further proviso that the 
modified A subunit coding region has been genetically modified so as to delete a 

25 C-terminal KDEL or RDEL motif in the subunit peptide encoded thereby. 

It is a related primary object of the invention to provide a method for 
enhancing an immune response against an antigen of interest in a subject, wherein 
the method entails: (a) administering the antigen of interest to the subject; (b) 
providing an adjuvant composition comprising first and second nucleic acid 

30 sequences, wherein the first nucleic acid sequence is a modified A subunit coding 
region obtained or derived from a bacterial ADP-ribosylating exotoxin, and the 
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second nucleic acid sequence is a B subunit coding region obtained or derived 
from a bacterial ADP-ribosylating exotoxin; and (c) administering the adjuvant 
composition to the subject, whereby upon introduction to the subject, the first and 
second nucleic acid sequences are expressed to provide subunit peptides in an 
5 amount sufficient to elicit an enhanced immune response against the antigen of 
interest The subunit coding regions are modified in that each encodes a mature 
subunit peptide, but the A subunit coding region has been genetically modified so 
as to delete a C-tenninal KDEL or RDEL motif in the subunit peptide encoded 
thereby. 

10 In the uses and methods of the invention, administering the adjuvant 

compositions entails transfecting cells of the subject with a polynucleotide 
adjuvant composition according to the present invention. Expression cassettes 
and/or vectors containing the nucleic acid molecules of the present invention can 
be used to transfect the cells, and transfection is carried out under conditions that 

1 5 permit expression of the subunit peptides within the subj ect. The method may 
further entail one or more steps of administering at least one secondary 
composition to the subject. 

The transfection procedure carried out during the immunization can be 
conducted either in vivo, or ex vivo (e.g., to obtain transfected cells which are 

20 subsequently introduced into the subj ect prior to carrying out the secondary 
immunization step). When in vivo transfection is used, the nucleic acid 
molecules cam be administered to the subject by way of intramuscular or 
intradermal injection of plasmid DNA or, preferably, administered to the subject 
using a particle-mediated delivery technique. Vaccine compositions (containing 

25 the antigen of interest) can be provided in the form of any suitable vaccine 

composition, for example, in the form of a peptide subunit composition, in the 
form of a nucleic acid vaccine composition, or in the form of a whole or split 
virus influenza vaccine composition. 

In certain methods, the antigen of interest and the adjuvant composition 

30 are administered to the same site in the subject For example, the adjuvant 

composition and the antigen of interest can be administered concurrently (e.g., 
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provided in a single vaccine composition). In certain preferred embodiments, the 
adjuvant and, optionally the antigen of interest, is administered in particulate 
form, for example wherein the adjuvant composition has been coated onto a core 
■ carrier particle and delivered to the subject using a particle-mediated delivery 
5 technique. 

la these methods, administration of the polynucleotide adjuvant 
compositions of the present invention preferably results in an augmented cellular 
immune response against the co-administered antigen of interest Such an 
enhanced immune response may be generally characterized by increased titers of 

10 iuterferon-producing CD4* and/or CD8 + T lymphocytes, increased antigen- 
specific cytotoxic T lymphocyte (CTL) activity, and a T helper 1-like immune 
response (Thl) against the antigen of interest (characterized by increased antigen- 
specific antibody titers of the subclasses typically associated with cellular 
immunity (e.g., IgG2a), usually with a concomitant reduction of antibody titers of 

15 the subclasses typically associated with humoral immunity (e.g., IgQl)) instead of 
a T helper 24ike immune response (Th2) such as that normally produced when 
immunizing a subject using a bacterial ADP-ribosylating exotoxin adjuvant such 
as CT or LT. 

Advantages of the present invention include, but are not limited to the 
20 ability of the present adjuvant compositions to provide significant adjuvant effect 
and thereby enhance the immunogenicity of a co-administered antigen in an 
immunized subject, as well as the ability to favor a Thl -like immune response 
against the co-administered antigen which is beneficial in a vaccine product. 
These and other objects, aspects, embodiments and advantages of the 
25 present invention will readily occur to those of ordinary skill in the art in view of 
the disclosure herein. 



Brief Description of the Drawings 
Figure 1 is a restriction map and functional map of plasmid pPJV2002 
30 that contains a truncated coding sequence for a Cholera Toxin (CT) subunit A 

(CTA) peptide, wherein the plasmid further contains the human cytomegalovirus 
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(hCMV) immediate early promoter and associated intron A sequence^ and the 
coding sequence for the signal peptide of human tissue plasminogen activator to 
allow for secretion from mammalian cells of the truncated CTA expression 
product. The figure further contains the complete nucleic acid sequence (SEQ ID 
5 NO: 1) for the pPJV2G02 plasmid. 

Figure 2 is a restriction map and ftmctional map of plasmid pPJV2003 
that contains a truncated coding sequence for a Cholera Toxin (CT) subunit B 
(CTB) peptide, wherein the plasmid further contains the hCMV immediate early 
promoter and associated intron A sequence, and the coding sequence for the 
10 signal peptide of human tissue plasminogen activator to allow for secretion from 
mammalian cells of the truncated CTB expression product The figure further 
contains the complete nucleic acid sequence (SEQ ID NO: 2) for the pP JV2003 
plasmid. 

Figure 3 is a restriction map and functional map of plasmid pPJV2006 

1 5 that contains a truncated coding sequence for a CTA peptide, wherein the 

truncated CTA coding sequence has been further modified to delete a C4erminal 
KDEL motif in the subunit peptide encoded thereby. The plasmid further 
contains the hCMV immediate early promoter and associated intron A sequence, 
and the coding sequence for the signal peptide of human tissue plasminogen 

20 activator to allow for secretion from mammalian cells of the truncated CTA 
expression product. The figure further contains fee complete nucleic acid 
sequence (SEQ ID NO: 3) for the pPJV2006 plasmid. 

Figure 4 is a restriction map and ftmctional map of plasmid pPJV2004 
that contains a truncated coding sequence for an R coli heat labile enterotoxin 

25 (LT) subunit A (LTA) peptide, wherein the plasmid further contains the hCMV 
immediate early promoter and associated intron A sequence, and the coding 
sequence for the signal peptide of human tissue plasminogen activator to allow 
for secretion from mammalian cells of the truncated LTA expression product. 
The figure further contains the complete nucleic acid sequence (SEQ ID NO: 4) 

30 for the pPJV2004 plasmid. 



7 



wo 



03/004055 



PCT/US01/43151 



Figure 5 is a restriction map and fractional map of plasmid pPJV2005 
that contains a truncated coding sequence for an LT subunit B (LTB) peptide, 
wherein the plasmid further contains the hCMV immediate early promoter and 
associated intron A sequence, and the coding sequence for Hie signal peptide of 
5 human tissue plasminogen activator to allow for secretion from mammalian cells 
of the truncated LTB expression product. The figure further contains the 
complete nucleic acid sequence (SEQ ID NO: 5) for the pPJV2005 plasmid. 

Figure 6 is a restriction map and functional map of plasmid pPJV2007 
that contains a truncated coding sequence for an LTA peptide, wherein the 

10 truncated LTA coding sequence has heen farther modified to delete a C-termiaal 
RDEL motif in the subunit peptide encoded thereby. The plasmid further 
contains the hCMV immediate early promoter and associated intron A sequence, 
and the coding sequence for the signal peptide of human tissue plasminogen 
activator to allow for secretion from mammalian cells of the truncated LTA 

1 5 expression product The figure further contains the complete nucleic acid 
sequence (SEQ ID NO: 6) for the pPJV2007 plasmid 

Figure 7 depicts the results from the ELISA carried out in Example 5. 
The histogram represents the log reciprocal titer of anti-gpl20 antibody present in 
the animals receiving, from left to right in the figure, Formulation #1 containing 

20 the empty pWRG7054 vector ("EmpVec"); Formulation #2 containing the 

EmpVec (pWRG7054) and the pCIA-EnvT plasmid ("gpl20"); Formvdation #3 
containing the EmpVec (pWRG7054) combined with the pP JV2002 and 
pPJV2003 adjuvant vectors ("CTA/B^; Formulation #4 containing the pCIA- 
EnvT plasmid ("gpl20") combined with the pPJV2002 and pPJV2003 adjuvant 

25 vectors ("CTA/B"); Formulation #5 containing the pCIA-EnvT plasmid 

("gpl20") combined with the pPJV2006 and pPJV2003 adjuvant vectors ("CTA- 
KDBL/B"); or no vaccine and/or adjuvant composition ("naive"). 

Figure 8 depicts the results from the in situ ELISA carried out in Example 
5, The histogram represents the relative level of gpl20-specific IFN-y 

30 production in splenocytes obtained from animals receiving, from left to right in 
the figure, Formulation #1 containing the empty pWRG7054 vector ("EmpVec"); 
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Foxmulation #2 containing the BmpVec (pWRG7054) and the pCIA-EnvT 
plasmid ("gpl20'*); Formulation #3 containing the BmpVec (pWRG7054) 
combined with the pPJV2002 and pPJV2003 adjuvant vectors ("CTA/B"); 
Formulation #4 containing the pCLAEnvT plasmid ("gpl20") combined witli the 
5 pPJV2002 and pPJV2003 adjuvant vectors (XTA/B"); or Formulation #5 

containing the pCIA-EnvT plasmid ("gpl20") combined with the pPJV2006 and 
pPJV20G3 adjuvant vectors ("CTA-KDEL/B")* 

Figure 9 depicts the results from the ELISPOT assay carried out in 
Example 5. The histogram represents the relative levels of DFN-y -producing 

1 0 splenocytes obtained from animals receiving, from left to right in the figure, 
Formulation #1 containing the empty pWRG7054 vector ("Emp Vec ,r ); 
Formulation #2 containing the BmpVec (pWRG7054) and the pCIA-EnvT 
plasmid ("gpl20"); Formulation #3 containing the BmpVec (pWRG7054) 
combined with the pPJV2002 and pPJV2003 adjuvant vectors ("CTA/B"); 

1 5 Formulation #4 containing the pCIA-EnvT plasmid ("gp 1 20") combined with the 
pP JV2002 and pPJV2003 adjuvant vectors ( fi 'CTA/B'>); or Formulation #5 
containing the pCIA-EnvT plasmid ("gpl20") combined with the pPJV2006 and 
pPJV2003 adjuvant vectors ("CTA-KDEL/B") . 

Figure 10 depicts the results from the ELISA carried out in Example 6. In 

20 this figure, the geometric mean absorbance values represent the titer of anti- 

HBcAg antibody present in serum samples (at four different dilutions) taken at 
the booster immunization (week 6 of the study) from animals receiving either 
Formulation #1 containing the HBcAg/HBsAg vector plasmid (pWRG7193); or 
Fonnulation #2 containing the HBcAg/HBsAg vector plasmid (pWRG7193) 

25 combined with tide pPJV2002 and pPJV2003 adjuvant vectors ("CTA/B")* 

Figure 1 1 depicts the results from the ELISA carried out in Example 6. In 
this figure, the geometric mean absorbance values represent the titer of anti- 
HBcAg antibody present in serum samples (at four different dilutions) taken 2 
weeks following the booster immunization (week 8 of the study) from animals 

30 receiving either Formulation #1 containing the HBcAg/HBs Ag vector plasmid 
(pWRG7193); or Formulation #2 containing the HBcAg/HBsAg vector plasmid 
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(pWRG7193) combined with the pPJV2002 and pPJV2003 adjuvant vectors 
("CTA/B"). 

Figure 12 depicts the results from the ELISA carried out in Example 7, 
The histogram represents the log IgGl ::IgG2a ratios from each immunization 
5 group receiving, from left to right in the figure, Formulation #1 containing the 
pM2-FL plasmid ("M2* 1 )combined with the empty vector plasmid control 
(pWRG7054); Formulation #2 containing the pM2-FL plasmid combined with 
the pPJV2002 and pPJV2003 CTA/B adjuvant vectors ("M2 + CT"); or 
Formulation #7 containing the pM2-FL plasmid combined with the pP JV2004 
10 and pPJV2005 LTA/B adjuvant vectors ( C< M2 + LT"). . 

Figures 13A-13D depict the results from fee IFN-y and the TLA ELISPOT 
assays used to assess the immune response to the Hepatitis B virus surface and 
core antigens in the first study of Example 8. The histograms represent the 
number of spots per 1X1 0 5 spleen cells from the various experimental groups, 
15 Figure 14 depicts the survival results from the HSV-2 virus challenge 

study carried out in Example 9, 

Detailed Description of the Invention 
Before describing the present invention in detail, it is to be understood 

20 that this invention is not limited to particularly exemplified molecules or process 
parameters as such may, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing particular embodiments 
of the invention only, and is not intended to be limiting. In addition, the practice 
of the present invention will employ, unless otherwise indicated, conventional 

25 methods of virology, microbiology, molecular biology, recombinant DNA 

techniques and immunology all of which are within the ordinary skill of the art. 
Such techniques are explained fully in the literature. See, e.g., Sambrook, et al. 9 
Molecular Cloning: A Laboratory Manual (2nd Edition, 1989); DNA Cloning: 
A Practical Approach, vol. I & II (D. Glover, ed.); Oligonucleotide Synthesis (N. 

30 Gait, ecL, 1984); A Practical Guide to Molecular Cloning (1984); and 

10 
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Fundamental Virology, 2nd Edition, vol. I & II (B.N, Fields and DM, Knipe, 
eds.). 

All publications, patents and patent applications cited herein, whether 
supra or infra, axe hereby incorporated by reference in their entirety, 
5 It must be noted that, as used in this specification and the appended 

claims, the singular forms "a," "an" and £6 the" include plural referents unless the 
content clearly dictates otherwise. 

Definitions 

10 Unless defined otherwise, all technical and scientific terms used herein 

have the same meaning as commonly understood by one of ordinary skill in the 
art to which the invention pertains. Although a number of methods and materials 
similar or equivalent to those described herein can be used in the practice of the 
present invention, the preferred materials and methods are described herein. 

15 In describing the present invention, the following terms will be employed, 

and are intended to be defined as indicated below. 

The term "adjuvant" intends any material or composition capable of 
specifically or non-specifically altering, enhancing, directing, redirecting, 
potentiating or initiating an antigen-specific immune response. Thus, 

20 coadministration of an adjuvant with an antigen may result in a lower dose or 

fewer doses of antigen being necessary to achieve a desired immune response in 
the subject to which the antigen is administered, or coadministration may result in 
a qualitatively and/or quantitatively different immune response in the subject. 
The effectiveness of an adjuvant can be determined by administering the adjuvant 

25 with a vaccine composition in parallel with a vaccine composition alone to 

animals and comparing antibody and/or cellular-mediated immunity in the two 
groups using standard assays such as radioimmunoassay, ELIS As> CTL assays, 
and the like, all well known in the art. Typically, in a vaccine composition, the 
adjuvant is a separate moiety from the antigen, although a single molecule can 

30 have both adjuvant and antigen properties, 

11 
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An "adjuvant composition" intends any pharmaceutical composition 
containing an adjuvant. Adjuvant compositions can be delivered in the methods 
of the invention while in any suitable pharmaceutical form, for example, as a 
liquid, powder, cream, lotion, emulsion, gel or the like. However, preferred 
5 adjuvant compositions will be in particulate form. It is intended, although not 

always explicitly stated, that molecules having similar biological activity as wild- 
type or purified peptide or chemical adjuvants. 

The term "peptide" is used in it broadest sense to refer to a compound of 
two or more subunit amino acids, amino acid analogs, or other peptidonrimetics. 

1 0 The subunits may be linked by peptide bonds or by other bonds, for example 
ester, ether, etc. As used herein, the term "amino acid" refers to either natural 
and/or unnatural or synthetic amino acids, including glycine and both the D or L 
optical isomers, and amino acid analogs and peptidomimetics, A peptide of three 
or more amino acids is commonly called an "oligopeptide" if the peptide chain is 

15 short. If the peptide chain is long, the peptide is typically referred to as a 
"polypeptide" or a "protein". 

An "antigen" refers to any agent, generally a macromolecule, which can 
elicit an immunological response in an individual. The term may be used to refer 
to an mdividual macromolecule or to a homogeneous or heterogeneous 

20 population of antigenic macromolecules. As used herein, "antigen" is generally 
used to refer to a peptide or carbohydrate molecule that contains one or more 
epitopes. For proposes of the present invention, antigens can be obtained or 
derived from any appropriate source* Furthermore, for purposes of the present 
invention, an "antigen" includes a peptide having modifications, such as 

25 deletions, additions and substitutions (generally conservative in nature) to the 
native sequence, so long as the peptide maintains sufficient immunogemcity. 
These modifications maybe deliberate, for example through site-directed 
mutagenesis, or maybe accidental, such as through mutations of hosts which 
produce the antigens, 

30 An "immune response" against an antigen of interest is the development 

in an individual of a humoral and/or a cellular immune response to that antigen. 

12 
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For purposes of the present invention, a "humoral immune response" refers to an 
immune response mediated by antibody molecules, while a "cellular immune 
response" is one mediated by T4ymphocytes and/or other white blood cells. 
The term "nucleic acid immunization" is used herein to refer to the 

5 - introduction of a nucleic acid molecule encoding one or more selected antigens 

into a host cell for the in vivo expression of the antigen or antigens. The term 
also encompasses introduction of a nucleic acid molecule encoding one or more 
selected adjuvants into a host cell for the in vivo expression of the adjuvant or 
adjuvants. The nucleic acid molecule can be introduced directly into the 

10 recipient subject, such as by standard intramuscular or intradermal injection; 
transdermal particle delivery; inhalation; topically, or by oral, intranasal or 
- mucosal modes of administration, 1 The molecule alternatively can be introduced 
ex vivo into cells which have been removed from a subject, in this latter case, 
cells containing the nucleic acid molecule of interest are re-introduced into the 

15 subject such that an immune response can be mounted against the antigen 

encoded by the nucleic acid molecule, or such that the adjuvant encoded by the 
nucleic acid molecule can exert its adjuvant effect 

The terms Nucleic acid molecule" and "polynucleotide" are used 
interchangeably herein and refer to a polymeric form of nucleotides of any length, 

20 either deoxyribonucleotides or ribonucleotides, or analogs thereof. 

Polynucleotides may have any three-dimensional structure, and may perform any 
function, known or unknown. Non4imiting examples of polynucleotides include 
a gene, a gene fragment, exons, introns, messenger RNA (mRNA), transfer RNA, 
ribosomal RNA, ribozymes, cDNA, recombinant polynucleotides, branched 

25 polynucleotides, plasmids, vectors, isolated DNA of any sequence, isolated RNA 
of any sequence, nucleic acid probes, and primers. 

A polynucleotide is typically composed of a specific sequence of four 
nucleotide bases: adenine (A); cytosine (C); guanine (G); and thymine (T) (uracil 
(U) for thymine (T) when the polynucleotide is RNA). Thus, the term nucleic 

30 acid sequence is the alphabetical representation of a polynucleotide molecule. 

This alphabetical representation can be input into databases in a computer having 
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a central processing unit and used for bioinfoimatics applications such as ' 
functional genomics and homology searching. 

A "vector" is capable of transferring nucleic acid sequences to target cells 
(e.g, ? viral vectors, non-viral vectors, particulate carriers, and liposomes). 
5 Typically, "vector construct/' "expression vector " and "gene transfer vector/' 
mean any nucleic acid construct capable of directing the expression of a gene of 
interest and which can transfer gene sequences to target cells. Thus, the term 
includes cloning and expression vehicles, as well as viral vectors* A "plasnrid" is 
a vector in the form of an extrachromosomal genetic element. 

10 A nucleic acid sequence which "encodes" a selected adjuvant and/or 

antigen is a nucleic acid molecule which is transcribed (in the case of DNA) and 
. translated (in the case of rnKNA) into a polypeptide in vivo when placed under 
the control of appropriate regulatory sequences. The boundaries of the coding 
sequence are determined by a start codon at the 5 ! (amino) terminus and a 

1 5 translation stop codon at the 3' (carboxy) terniiaus. For the purposes of the 

invention, such nucleic acid sequences can include, but are not limited to, cDNA 
from viral, procaryotic or eucaryotic mRNA, genomic sequences from viral or 
procaryotic DNA or RNA, and even synthetic DNA sequences. A transcription 
■ termination sequence may be located 3' to the coding sequence. 

20 A "promoter" is a nucleotide sequence which initiates and regulates 

transcription of a polypeptide-encoding polynucleotide. Promoters can include 
inducible promoters (where expression of a polynucleotide sequence operably 
linked to the promoter is induced by an analyte, cofactor, regulatory protein, etc*), 
repressible promoters (where expression of a polynucleotide sequence operably 

25 linked to the promoter is repressed by an analyte, cofactor, regulatory protein, 
etc.), and constitutive promoters. It is intended that the term "promoter" or 
"control element" includes full-length promoter regions and functional (e.g., 
controls transcription or translation) segments of these regions. 

"Operably linked" refers to an arrangement of elements wherein the 

30 components so described are configured so as to perform their usual function. 

Thus, a given promoter operably linked to a nucleic acid sequence is capable of 
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effecting the expression of that sequence when the proper enzymes are present. 
The promoter need not he contiguous with the sequence, so long as it functions to 
direct the expression thereof. Thus, for example, intervening untranslated yet 
transcribed sequences can be present between the promoter sequence and the . 

5 -nucleic acid sequence and the promoter sequence can still be considered 

"operably linked" to the coding sequence. 

"Recombinant" is used herein to describe a nucleic acid molecule 
(polynucleotide) of genomic, cDNA, semisynthetic, or synthetic origin which, by 
virtue of its origin or manipulation is not associated with all or a portion of the 

10 polynucleotide with which it is associated in nature and/or is linked to a 

polynucleotide other than that to which it is linked in nature. Two nucleic acid 
sequences which are contained within a single recombinant nucleic acid molecule 
are '"heterologous" relative to each other when they are not normally associated 
with each other in nature. 

15 An "isolated polynucleotide" is a nucleic acid molecule separate and 

discrete from the whole organism with which the molecule is found in nature; or 
a nucleic acid molecule devoid, in whole or part, of sequences normally 
associated with it in nature; or a sequence, as it exists in nature, but having 
heterologous sequences (as defined below) in association therewith. A sequence 

20 is "derived or obtained from" a molecule if it has the same or substantially the 
same base pair sequence as a region of the source molecule, its cDNA, 
complements thereof, or if it displays sequence identity as described below. 
Techniques for determining nucleic acid and amino acid "sequence 
identity" or "sequence homology" also are known in the art. Typically, such 

25 techniques include determining the nucleotide sequence of the mRNA for a gene 
and/or determining the amino acid sequence encoded thereby, and comparing 
these sequences to a second nucleotide or amino acid sequence. In general, 
"identity" refers to an exact nucleotide-to-nucleotide or amino acid-to-amino acid 
correspondence of two polynucleotides or polypeptide sequences, respectively. 

30 Two or more sequences (polynucleotide or amino acid) can be compared by 
determining their "percent identity." The percent identity of two sequences, 
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whether nucleic acid or amino acid sequences, is the number of exact matches 
between two aligned sequences divided by the length of the shorter sequences and 
multiplied by 100. An approximate alignment for nucleic acid sequences is 
provided by the local homology algorithm of Smith and Waterman, Advances in 
5 Applied Mathematics 2:482-489 (1981). This algorithm can be applied to amino 
acid sequences by using the scoring matrix developed by Davhoff. Atlas of 
Protein Sequences and Structure . Dayhoff ed>, 5 suppl 3:353-358, National 
Biomedical Research Foundation, Washington, D,C, USA, and normalized by 
Gribskov, Nucl Acids Res, 14(6):6745-6763 (1986), An exemplary 

10 implementation of this algorithm to determine percent identity of a sequence is 
provided by the Genetics Computer Group (Madison, WT) in the "BestFit" utility 
application. The default parameters for this method are described in the 
Wisconsin Sequence Analysis Package Program Manual, Version 8 (1995) 
(available from Genetics Computer Group, Madison, WI). A preferred method of 

1 5 establishing percent identity in the context of the present invention is to use the 
MPSRCH package of programs copyrighted by the University of Edinburgh, 
developed by John K Collins and Shane S. Sturrok, and distributed by 
IntelliGenetics, Inc. (Mountain View, C A). From this suite of packages the 
Smith-Waterman algorithm can be employed where default parameters are used 

20 for the scoring table (for example, gap open penalty of 12, gap extension penalty 
of one, and a gap of six). From the data generated the "Match" value reflects 
"sequence identity." Other suitable programs for calculating the percent identity 
or similarity between sequences are generally known in the art, for example, 
another alignment program is BLAST, used with default parameters. For 

25 example, BLASTN and BLASTP can be used using the following default 

parameters: genetic code = standard; filter 53 none; strand - both; cutoff = 60; 
expect = 10; Matrix = BLOSUM62; Descriptions = 50 sequences; sort by - 
HIGH SCORE; Databases = non-redundant, GenBank + EMBL + DDBJ + PDB 
+ GenBank CDS translations + Swiss protein + Spupdate + PER, Details of these 

30 programs can be found at the following internet address: 
ht1p://www.ncbinlm,gov/cgi»bm/BLAST. 
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Alternatively, homology can be determined by hybridization of 
polynucleotides under conditions which form stable duplexes between 
homologous regions, followed by digestion with smgle-stranded-specific 
nuclease^), and size determination of the digested fragments. Two DNA, or two 
_ 5 .... _ polypeptide sequences are "substantially homologous'* to each other when the 
sequences exhibit at least about 80%-85%, preferably at least about 90%, and 
most preferably at least about 95%-98% sequence identity over a defined length 
of the molecules, as determined using the methods above. As used herein, 
substantially homologous also refers to sequences showing complete identity to 

10 the specified DNA or polypeptide sequence. DNA sequences that are 
substantially homologous can be identified in a Southern hybridization 
experiment under, for example, stringent conditions, as defined for that particular 
system. For example, stringent hybridization conditions can include 50% 
formamide, 5x Denhardt's Solution, 5x SSC, 0.1% SDS and 100 \ig/ml 

15 denatured salmon sperm DNA and the washing conditions can include 2x SSC, 
0.1% SDS at 37°C followed by lx SSC, 0.1% SDS at 68°C Defining 
appropriate hybridization conditions is within the skill of the art. See, e.g., 
Sambrook et al, supra; DNA Cloning, supra; Nucleic Acid Hybridization, supra. 
The term "transdermal*' delivery intends intradermal (e.g., into the dermis 

20 or epidermis), transdermal (e.g., percutaneous") and transmucosal 

administration, Le., delivery by passage of an agent into or through skin or 
mucosal tissue. See, e.g., Transdermal Drug Delivery: Developmental Issues 
and Research Initiatives, Hadgraft and Guy (eds.), Marcel Dekker, hie, (1989); 
Controlled Drug Delivery: Fundamentals and Applications, Robinson and Lee 

25 (eds.), Marcel Dekker Inc.., (1987); and Transdermal Delivery of Drugs, Vols. 1- 
3, Kydonieus and Berner (eds.), CRC Press, (1987), Thus, the term encompasses 
delivery of an agent using a particle delivery device (e.g., a needleless syringe) 
such as those described in U.S. Patent No. 5,630,796, as well as delivery using 
particle-mediated delivery devices such as those described in U.S* Patent No. 

30 5,865,796. 
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By "core earner' 5 is meant a carrier on which a guest nucleic acid (e.g.;, 
DNA, RNA) is coated in order to impart a defined particle size as well as a 
sufficiently high density to achieve the momentum required for cell membrane 
penetration, such that the guest molecule can be delivered using particle-mediated 
5 techniques (see, e.g., U.S . Patent No: 5, 1 00,792). Core carriers typically include 
materials such as tungsten, gold, platinum, ferrite, polystyrene and latex. See 
e.g., Particle Bombardment Technology for Gene Transfer, (1994) Yang, N. ed., 
Oxford University Press, New York, NY pages 10-11. 

By "particle delivery device" is meant an instrument which delivers a 
10 particulate composition transdermally without the aid of a conventional needle to 
pierce die skin. Particle delivery devices for use with the present invention are 
discussed throughout this document 

As used herein, the term "treatment" includes any of following: the 
prevention of infection or reinfection; the reduction or elimination of symptoms; 
15 and the reduction or complete elimination of a pathogen. Treatment may be 
effected prophylactically (prior to infection) or therapeutically (following 
infection). 

The terms "individual" and "subject" are used interchangeably herein to 
refer to any member of the subphylum cordata, including, without limitation, 

20 humans and other primates, including non-human primates such as chimpanzees 
and other apes and monkey species; farm animals such as cattle, sheep, pigs, 
goats and horses; domestic mammals such as dogs and cats; laboratory animals 
including rodents such as mice, rats and guinea pigs; birds, including domestic, 
wild and game birds such as chickens, turkeys and other gallinaceous birds, 

25 ducks, geese, and the like. The terms do not denote a particular age. Thus, both 
adult and newborn individuals are intended to be covered. The methods 
described herein are intended for use in any of the above vertebrate species, since 
the immune systems of all of these vertebrates operate similarly. 

30 General Overview 

Before describing the present invention in detail, it is to be understood 
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that this invention is not limited to particular formulations or process parameters 
as such may, of course, vary. It is also to be understood that the terminology used 
herein is for the purpose of describing particular embodiments of the invention 
only, and is not intended to be limiting. 
5 ~™ The present invention provides novel compositions containing nucleic 

acid sequences, wherein a first sequence in the composition is a coding sequence 
for an A subunit obtained or derived from an ADP-ribosylating bacterial toxin, 
and a second sequence in the composition is a coding sequence for a B subunit 
obtained or derived from an ADP-ribosylating bacterial toxin. The first and 

10 second sequences are use&l in immunization methods wherein they are delivered 
to a subject in order to provide for an adjuvant effect (against a co-admmistered 
antigen of interest) in the immunized subject. ADP-ribosylating bacterial toxins 
are a family of related bacterial exotoxins and include diphtheria toxin (DT), 
pertussis toxin (PT), cholera toxin (CT), the R coli heat-labile toxins (LT1 and 

1 5 LT2), Pseudomonas endotoxin A, Pseudomonas exotoxin S, B. cereus 

exoenzyme, B. sphaericus toxin, C botulinum C2 and C3 toxins., C limosum 
exoenzyme, as well as toxins from C perfringens, C spiriforma and C. difficile, 
Staphylococcus aureus EDIN, and ADP-ribosylating bacterial toxin mutants such 
as CRM 197 , a non-toxic diphtheria toxin mutant (see, e.g., Bixler et ai. (1989) 

20 Adv. Exp. Med. Biol 251:175; and Constantino et al. (1992) Vaccine). Most 

ADP-ribosylating bacterial toxins are organized as an A:B multimer, wherein the 
A subunit contains the ADP-ribosyltransferase activity, and the B subunit acts as 
the binding moiety. Preferred ADP-ribosylating bacterial toxins for use in the 
compositions of the present invention include cholera toxin and the E> coli heat- 

25 labile toxins. 

Cholera toxin (CT) and the related E. coli heat labile enterotoxins (LT) are 
secretion products of their respective enterotoxic bacterial strains that are potent 
immunogens and exhibit strong toxicity when administered systemically, orally, 
or mucosally. Both CT and LT are known to provide adjuvant effects for antigen 

30 when administered via the intramuscular or oral routes. These adjuvant effects 
have been observed at doses below that required for toxicity. The two toxins are 
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extremely similar molecules, and are at least about 70-80% homologous at the 
amino acid level 

The CT and LT toxins are hexamers, composed of a single molecule of an 
A subunit surrounded by a doughnut-shaped ring composed of 5 molecules of the 
5" B subunit The A subunit possesses an ADP-iibosylase activity resulting in G 
protein modifications that lead to cAMP and protein kinase A upregulation 
following internalization of the A subunit in a mammalian cell The A subunit 
can be nicked by exogenous proteases yielding the Al and A2 fragments linked 
via a single disulfide bridge. The A subunit of CT contains a C»terminal KDEL ' 

10 peptide motif (RDEL for the A subunit of LT) that is associated with retrieval of 
proteins from the trans-Golgi network into the ER. This is likely important for 
delivery of the A fragment to the correct cellular compartment for toxicity 
following internalization, and retention of the toxin within that cellular 
compartment. The Al subunit enters the cell cytoplasm and triggers Cl-efflux by 

1 5 catalysing ADP-ribosylation of a G protein, which activates adenylate cyclase 
leading to elevated levels of cAMP. Elevated cAMP causes protein kinase A to 
phosphorylate and open the cystic fibrosis transmembrane conductance regulator 
chloride channel. 

The A2 fragment's main role is in interacting with the B subunit. Toxin 
20 internalization is mediated by the five copies of the B subunit which possess 

binding activity for the GM1 ganglioside, a glycosphingolipid found ubiquitously 
on the surface of mammalian cells. 

The relative importance of the A and B subunits for adjuvanticity is 
controversial. There is speculation in the field that the toxic activity of the A 
25 subunit can modulate the adjuvant effects associated with the B subunit. Some 
studies demonstrate that mutations in the A subunit abrogate adjuvant activity 
while others show that A subunit mutations that block ADP-ribosylase activity 
have no effect on adjuvanticity. Other reports show varying levels of adjuvant 
effects for purified B subunits or recombinant B subunit preparations. It is likely 
30 that the A and B subunits have separate functions that independently contribute to 
adjuvanticity. These functions are ADP-ribosylase activity and receptor 
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triggering activity, respectively. Regarding the B subunit of LT in particular, 
binding to the GM1 receptor on B cells results in polyclonal activation, occurs in 
the absence of significant proliferation, and involves the upregulation of a 
number of important molecules such as MHC class II, B7, CD4Q, IC AM- 1 and 
" 5 BL2-Ra, For T cells, addition of CT or LT hoiotoxins or recombinant B subunits 
to concanavilin A-stimulated T cells results in a reduction in thymidine 
incorporation- Affects of these molecules on macrophages and dendritic cells 
have not been reported. In PBMC cultures, BtxB stimulates high level TNF-Ct 
and IL-10 production but not IL-12. This is consistent with the observations of 
1 0 predominately Th2-like responses associated with the use of CT and LT forms as 
adjuvants. 

It is therefore a surprising feature of the present invention that 
administration of the present polynucleotide adjuvant compositions preferentially 
produces an augmented Thl-like immune response against the co-administered 
1 5 antigen of interest, rather than the Th2-like response that would be expected from 
the use of an ADP-dbosylating exotoxin adjuvant composition. 

Coding Sequences for ADP-ribosylatiug Exotoxin Subunits 

In one embodiment, a composition is provided which includes one or 
20 more recombinant nucleic acid molecules, said one or more molecules containing 
first and second nucleic acid sequences wherein (a) the first nucleic acid sequence 
is a coding region for a truncated A subunit peptide obtained or derived from an 
ADP-ribosylating exotoxin, and (b) the second nucleic acid sequence is a coding 
region for a truncated B subunit peptide obtained or derived from an ADP- 
25 ribosylating exotoxin. The coding regions provide for 'truncated" subunit 

peptides in that each said subunit coding region has been genetically altered so as 
to create a 5* deletion, whereby the encoded subunit peptide does not have an 
amino terminal bacterial signal peptide. 

In another embodiment, a composition is provided which includes one or 
30 more recombinant nucleic acid molecules, said one or more molecules containing 
first and second nucleic acid sequences wherein (a) the first nucleic acid sequence 
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is a coding region for a modified, mature A subunit peptide obtained or derived 
from an ADP-ribosylating exotoxin, and (b) the second nucleic acid sequence is a 
coding region for a mature B subunit peptide obtained or derived from an ADP- 
ribosylating exotoxin. The first nucleic acid sequence contains a coding region 
5 that provides for a "modified" A subunit peptide in that the said coding region 
has been genetically altered so as to delete a four amino acid residue C-terminal 
KDEL or RDEL motif normally found in the encoded subunit peptide. 

In still a further embodiment, a composition is provided which includes 
one or more recombinant nucleic acid molecules, said one or more molecules 

10 containing first and second nucleic acid sequences wherein (a) the first nucleic 
acid sequence is a coding region for a truncated and modified A subunit peptide 
obtained or derived from an ADP-ribosylating exotoxin, and (b) the second 
nucleic acid sequence is a coding region for a truncated B subunit peptide 
obtained or derived from an ADP-ribosylating exotoxin. 

15 In particularly preferred embodiments, the ADP-ribosylating exotoxin 

peptide subunit coding sequences are obtained or derived from a cholera toxin 
(CT). lit other particularly preferred embodiments, the ADP-ribosylating 
exotoxin subunit peptide coding sequences are obtained or derived from an E. 
coli heat labile enterotoxin (LT), for example LT1 or LT2. 

20 Portions of the genomes of various enterotoxic bacterial species, 

particularly those portions containing the coding sequences for ADP-ribosylating 
exotoxins, are generally known and the sequences therefor are publicaily 
available, for example on the World Wide Web, and/or are deposited with 
repositories such as the GenBank database. For example, a GenBank entry for 

25 the complete sequences of the CT subunit A and B genes can be found at Locus 
VD3CTXABB (Accession No. D30053), while a GenBank entry for the complete 
sequences of the LT subunit A and B genes can be found at Locus AB01 16677 
(Accession No, AB01 1677), Active variants or fragments of these toxin 
sequences may also be used in the compositions and methods of the present 

30 invention. For a general discussion of ADP-ribosylating exotoxins, see e.g., 
Krueger et al (1995) Clin, Microbiol Rev, 8:3447. Furthermore, in certain 
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aspects of the invention, one or both of the toxin subunit peptide coding regions 
can be further genetically modified to detoxify the subnnit peptide(s) encoded 
thereby. For example, genetically altered toxin mutants which have disrupted 
ADP-ribosylating activity, trypsin cleavage site mutations, or disrupted binding 
5 activity are known in the art. See, e.g., Burnette et aL (1994) '"Recombinant 

microbial ADP-ribosylating toxins of Bordetella pertusis, Vibrio cholerae, and 
enterotoxigenic Escherichia colt structure, function and toxoid vaccine 
development/* in Bioprocess Technology, Burnette et aL eds., pp. 185-203; 
RappuoK et aL (1995) Int. Archiv. Allergy Immunol 108:327-333; andRappuoli 

10 et aL (1996) Ad. Exp, Med, Biol 397:55-60. Sequences encoding the selected 
toxin subunits are typically inserted into an appropriate vector (e.g., a plasmid 
backbone) using known techniques and as described below in the Examples. 

The sequence or sequences encoding the ADP-ribosylating exotoxin 
subnnit peptides of interest can be obtained and/or prepared using known 

1 5 methods. For example, substantially pure preparations can be obtained using 

standard molecular biological tools. That is, polynucleotide sequences coding for 
the above-described- toxin subunuits can be obtained using recombinant methods, 
such as by screening cDNA libraries from cells expressing the toxin subunits, or 
by deriving the coding sequence for the toxin subunits from a vector known to 

20 include the same. The toxin subunit coding sequences from various bacterial 

strains are on deposit with the American Type Culture Collection ATCC, and yet 
others are available from national and international health organizations such as 
the Centers of Disease Control (Atlanta, GA). See, e.g., Sambrook et aL, supra, 
for a description of techniques used to obtain and isolate nucleic acid molecules. 

25 Polynucleotide sequences can also be produced synthetically, rattier than cloned. 
Yet another convenient method for isolating specific nucleic acid 
molecules is by the polymerase chain reaction (PGR). Mullis et aL (1987) 
Methods EnzymoL 155:335-350, This technique uses DNA polymerase, usually a 
thermostable DNA polymerase, to replicate a desired region of DNA. The region 

30 of DNA to be replicated is identified by oligonucleotides of specified sequence 
complementary to opposite ends and opposite strands of the desired DNA to 
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prime the replication reaction. The product of the first round of replication is 
itself a template for subsequent replication, thus repeated successive cycles of 
replication result in geometric amplification of the DNA fragment delimited by 
the primer pair used 

5 Once the relevant sequences for the ADP-ribosylating exotoxin subunits 

of interest have been obtained, they can be linked together to provide one or more 
contiguous nucleic acid molecules using standard cloning or molecular biology 
techniques. More particularly, after sequence information for the selected toxin 
subunit combination has been obtained, the coding sequences can be combined 

10 with each other or with other sequences to form a hybrid sequence,, or handled 
separately. In hybrid sequences, the subunit peptide coding sequences can be 
positioned in any manner relative to each other, and be included in a single 
molecule in any number ways, for example, as a single copy, randomly repeated 
in the molecule as multiple copies, or included in the molecule as multiple 

1 5 tandem repeats or otherwise ordered repeat motifs* 

Although any number of routine molecular biology techniques can be 
used to construct such recombinant nucleic acid molecules, one convenient 
method entails using one or more' unique restriction sites in a shuttle or cloning 
vector (or inserting one or more unique restriction sites into a suitable vector 

20 sequence) and standard cloning techniques to direct the subunit peptide coding 
sequence or sequences into particular target locations within a vector. 

Alternatively, hybrid molecules can be produced synthetically rather than 
cloned. The nucleotide sequence can be designed with the appropriate codons for 
the particular amino acid sequence desired. In general, one will select preferred 

25 codons for the intended host in which the sequence will be expressed. The 
complete sequence can then be assembled from overlapping oligonucleotides 
prepared by standard methods and assembled into a complete coding sequence. 
See, e.g., Edge (1981) Nature 29£756; Nambair et al. (1984) Science (1984) 
223:1299; Jay et al (1984) X Biol Chew. 259:6311. 

30 Once the relevant ADP-ribosylating exotoxin peptide coding sequences 

have been obtained or constructed, they can be inserted into one or more suitable 
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vectors which include control sequences operably linked to the inserted sequence 
or sequences, thus providing expression cassettes that allow for expression of the 
toxin subunit peptides in vivo in a targeted subject species. 

Typical promoters for mammalian cell expression include the SV40 early 
5 promoter, a CMV promoter such as the CMV immediate early promoter, the 

mouse mammary tumor virus LTR promoter, the adenovirus major late promoter 
{Ad MLP), and other suitably efficient promoter systems. Nonviral promoters, 
such as a promoter derived from the murine metallothionein gene, may also be 
used for mammalian expression. Inducible, repressible or otherwise controllable 

10 promoters may also be used. Typically, transcription termination and 

polyadenylation sequences will also be present, located 3 1 to each translation stop 
codon. Preferably, a sequence for optimization of initiation of translation, located 
5 r to each coding sequence, is also present Examples of transcription 
terminator/polyadenylation signals include those derived from SV40, as described 

15 in Sambrook et aL, supra, as well as a bovine growth hormone terminator 
sequence. Mrons, containing splice donor and acceptor sites, may also be 
designed into the expression cassette. 

hi addition, enhancer elements may be included within the expression 
cassettes in order to increase expression levels. Examples of suitable enhancers 

20 include the SV40 early gene enhancer (Dijkema et al. (1985) EMBO J. 4:761), the 
enhancer/promoter derived from the long terminal repeat (LTR) of the Rous 
Sarcoma Virus (Gorman et al. (1982) Proa Natl Acad. Set USA 79:6777), and 
elements derived from human or murine CMV (Boshart et al. (1985) Cell 
41:521), for example, elements included in the CMV intron A sequence. 

25 In some particular embodiments, a further ancillary sequence can be 

included which provides for secretion of the attached ADP-ribosylating exotoxin 
subunit peptide from a mammalian celL Such secretion leader sequences are 
known to those skilled in the art, and include, for example, the tissue 
plasminogen activator (tpa) leader signal sequence. 

30 After one or more suitable expression cassettes (or nucleic acid constructs 

such as plasmid vectors) have been produced that contain the ADP-ribosylating 
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exotoxin subunit peptide coding sequences of interest, the expression cassettes 
can be provided in a suitable transfection vector such as a DNA plasmid vector or 
a viral vector for subsequent administration to a subject, hi this regard, the 
polynucleotide compositions of the invention can be used as standalone adjuvant 
5 compositions, or co-administered with an antigen of interest, e.g., as part of a 
multi-component vaccine composition. For example, in a multi-component 
vaccine composition, the present nucleic acid molecules (containing the coding 
sequences for the ADP-ribosylating exotoxin subunit peptides of interest) can be 
combined with additional nucleic acid molecules encoding one or more antigens 

10 known to be important for providing protection against a pathogen, for example, 
molecules containing sequences that encode influenza HA or NA antigens, or 
molecules containing sequences that encode HIV antigens* Alternatively,, the 
multi-component vaccine composition may contain, in addition to the 
polynucleotides encoding the toxin subunits, antigen in the form of conventional 

1 5 whole virus, split virus, polysaccabride, or purified subunit vaccine preparations 
as described herein below. 

Antigens 

The compositions and methods described herein are useful in adjuvanting 
20 an immune response against a wide variety of co-administered antigens, for 
example antigens obtained or derived from diseased cells or tissues, of from 
human or animal pathogens. For the purposes of the present invention, an 
adjuvant is used to either enhance the immune response to a specific antigen, e.g., 
when an adjuvant is co-administered with a vaccine composition, the immune 
25 response is greater than the immune response elicited by an equivalent amount of 
the vaccine composition administered without the adjuvant, or the adjuvant is 
used to direct a particular type or class of immune response against a co- 
administered antigen. Co-administration of an "effective amount" of the adjuvant 
compositions of the present invention will be that amount which enhances an 
30 immunological response to the co-administered antigen such that, for example, 



26 



WO 03/004055 



PCT7US01/43151 



lower or fewer doses of the antigen are required to generate an efficient immune 
response. 

As used herein, the term "co-administered," such as when an ADP- 
ribosylating exotoxin subunit encoding adjuvant composition according to the 
5 present invention is "co-administered" with an antigen of interest (e.g., a vaccine 
composition), intends either the simultaneous or concurrent administration of the 
adjuvant composition and the antigen, e.g. a when the two are present in the same 
composition or administered in separate compositions at nearly the same time but 
at different sites, as well as the delivery of the adjuvant composition and antigen 

10 in separate compositions at different times, including delivery to different sites. 
For example, the adjuvant composition may be delivered prior or subsequent to 
delivery of the antigen at the same or a different site. The timing between 
adjuvant and antigen deliveries can range from about several minutes apart, to 
several hours apart, to several days apart. 

15 For the purposes of the instant invention, the term '"pathogen" is used in a 

broad sense to refer to a specific causative agent of a disease or condition, and 
includes any agent that provides a source of a molecule that elicits an immune 
response. Thus, pathogens include, but are not limited to, viruses, bacteria, fungi, 
protozoa, parasites, cancer cells and the like. Typically, the immune response is 

20 elicited by one or more peptide or carbohydrate antigens produced by the 

pathogen. Methods for identifying suitable antigens, obtaining and preparing 
such molecules, and then detennining suitable dosages, assaying for suitable 
immunogenicity and treating with such antigens are well known in the art. See 
e.g., Plotkin et al. (1994) Vaccines, 2 nd Edition, W.B. Saunders, Philadelphia, PA. 

25 Non4imiting examples of sources for antigens that can be used to vaccinate 

vertebrate subjects, particularly, humans and non-human mammals, thus include 
viruses, bacteria, fungi, and other pathogenic organisms. 

Suitable viral antigens include* but are not limited to, those obtained or 
derived from the hepatitis family of viruses, including hepatitis A virus (HAV), 

30 hepatitis B virus (HBV), hepatitis C virus (HCV), the delta hepatitis virus (HDV), 
hepatitis B virus (HEV) and hepatitis G virus (HGV). See, e.g., international 
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Publication Nos. WO 89/04669; WO 90/1 1089; and WO 90/14436. The HCV 
genome encodes several viral proteins, including El and E2. See, e.g., Houghton 
et al. (1991) Hepatology 14:381-388. Genomic fragments containing sequences 
encoding these proteins, as well as antigenic fragments thereof, will find use in 
5 the present methods. Similarly, the coding sequence for the 5-antigen from HDV 
is known (see, ag., U.S. Patent No. 5,378,814). 

In like manner, a wide variety of proteins from the herpesvirus family can 
be used as antigens in the present invention, including proteins derived from 
herpes simplex virus (HSV) types 1 and 2, such as HSV-1 and H3V-2 

10 glycoproteins gB, gD and gH; antigens from varicella zoster virus (VZV), 

Epstein-Barr virus (EBV) and cytomegalovirus (CMV) including CMV gB and 
gH; and antigens from other human herpesviruses such as HHV6 and HHV7* 
(See, e.g. Chee etal. (1990) Cytomegaloviruses (JiC McDougall, ed., Springer- 
Verlag,pp. 125469; McGeochet al. (1988)/ Gen. Virol 69:1531-1574; U.S. 

15 Patent No. 5,171,568; Baer et al. (1984) Nature 310:207-211 ; and Davison et at 
(1986) X Gen. Virol 67:1759-1816.) 

Human immunodeficiency virus (HIV) antigens, such as gpl20 molecules 
for a multitude of HTV-1 and HTV-2 isolates, including members of the various 
genetic subtypes of HIV, are known and reported (see, e.g., Myers et al., Los 

20 Alamos Database, Los Alamos National Laboratory, Los Alamos, New Mexico 
(1992); and Modrow et al (1987) J. Virol 61:570-578) and antigen-containing 
genomic fragments derived or obtained from any of these isolates will find use in 
the present invention. Furthermore, other immunogenic proteins derived or 
obtained from any of the various HTV isolates will find use herein, including 

25 fragments containing one or more of the various envelope proteins such as gp 1 60 
and gp41, gag antigens such as p24gag and p55gag, as well as proteins derived 
from the pol, env, tat, vif, rev, nef, vpr, vpu and LTR regions of HIV. 

Antigens derived or obtained from other viruses will also find use herein, 
such as without limitation, antigens from members of the families Picornaviridae 

30 (e.g., polioviruses, rhinoviruses, etc); Caliciviridae; Togaviridae (e.g., rubella 

virus, dengue vims, etc.); Flaviviridae; Coronaviridae; Reoviridae (e.g., rotavirus, 
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etc); Bimaviridae; Rhabodoviridae (e.g., rabies virus, etc.); Orthomyxoviridae 
(e.g., influenza virus types A, B and C, etc.); Fiioviridae; Paramyxoviridae (e.g., 
mumps virus, measles virus, respiratory syncytial virus, parainfluenza virus, etc.); 
Bunyaviridae; Arenaviridae; Retroviradae (e.g., HTLV-I; HTLV-II; HTV-1 (also 
5 known as HTLV-III, LAV, ARV, hTLR, etc.)), including but not limited to 

antigens from the isolates HJV^ HIV SF2? HIV^ HTV^, BJV W ); HIV-lo^ 
HIV-l^; HTV-2, among others; simian immunodeficiency virus (SIV); 
Papillomavirus, the tick-bourne encephalitis viruses; and the like. See, e.g. 
Virology, 3rd Edition (WJ5L Joklik ed. 1988); Fundamental Virology, 2nd 
10 Edition (BK Fields and DM. Knipe, eds. 1991), for a description of these and 
other viruses. 

In some contexts, it may be preferable that the selected viral antigens are 
obtained or derived from a viral pathogen that typically enters the body via a 
mucosal surface and is known to cause or is associated with human disease, such 

1 5 as, but not limited to, HIV (AIDS), influenza viruses (Flu), herpes simplex 

viruses (genital infection, cold sores, STDs), rotaviruses (diarrhea), parainfluenza 
viruses (respiratory infections), poliovirus (poliomyelitis), respiratory syncytial 
virus (respiratory infections), measles and mumps viruses (measles, mumps), 
rubella virus (rubella), and rbinoviruses (common cold). 

20 Genomic fragments containing bacterial and parasitic antigens can be 

obtained or derived from known causative agents responsible for diseases 
including, but not limited to, Diptheria, Pertussis, Tetanus, Tuberculosis, 
Bacterial or Fungal Pneumonia, Otitis Media, Gonnorhea, Cholera, Typhoid, 
Meningitis, Mononucleosis, Plague, Shigellosis or Salmonellosis, Legionaire's 

25 Disease, Lyme Disease, Leprosy, Malaria, Hookworm, Onchocerciasis, 

Schistosomiasis, Trypamasomialsis, Lesmaniasis, Giardia, Amoebiasis, Filariasis, 
Borelia, and Trichinosis. Still further antigens can be obtained or derived from 
unconventional viruses such as the causative agents of kuru, Creutzfeldt- Jakob 
disease (CJD), scrapie, transmissible mink encephalopathy, and chronic wasting 

30 diseases, or from proteinaceous infectious particles such as prions that are 
associated with mad cow disease. 
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Specific pathogens can include M tuberculosis, Chlamydia, K 
gonorrhoeae, Shigella, Salmonella, Vibrio Cholera, Treponema pallidua, 
Pseudomonas, Bordetella pertussis, Brucella, Franciscella tulorensis, 
Helicobacter pylori, Leptospria interrogans, Legionella pneumophila, Yersinia 
5 ' pestis, Streptococcus (types A and B), Pneumococcus, Meningococcus, 

Hemophilus influenza (type b), Toxoplasma gondic, Complylobacteriosis, 
Moraxella catarrhalis, Donovanosis, and Actinomycosis; fungal pathogens 
including Candidiasis and Aspergillosis; parasitic pathogens including Taenia, 
Flukes, Roundworms, Amebiasis, Giardiasis, Cryptosporidium, Schistosoma, 

10 Pneumocystis carinii 7 Trichomoniasis and Trichinosis, Thus, the present 
invention can also be used to provide a suitable immune response against 
numerous veterinary diseases, such as Foot and Mouth diseases, Coronavjrus, 
Pasteurella multocida, Helicobacter, Strongylus vulgaris, Actinobacittus 
pleuropneumonia^ Bovine viral diarrhea virus (BVDV), Klebsiella pneumoniae, 

15 E. coli, Bordetella pertussis, Bordetella parapertussis and brochiseptica. 

In some embodiments, the antigen of interest can be an allergen. An 
"allergen" is an antigen which can initiate a state of hypersensitivity, or which 
can provoke an immediate hypersensitivity reaction in an individual already 
sensitized with the allergen. Allergens are commonly proteins or chemicals 

20 bound to proteins which have the property of being allergenic; however, allergens 
can also include organic or inorganic materials derived from a variety of man- 
made or natural sources such as plant materials, metals, ingredients in cosmetics 
or detergents, latexes, or the like. Classes of suitable allergens for use in the 
methods of the invention can include, but are not limited to, pollens, animal 

25 dander, grasses, molds, dusts, antibiotics, stinging insect venoms, and a variety of 
environmental (including chemicals and metals), drug and food allergens. 
Common tree allergens include pollens from cottonwood, popular, ash, birch, 
maple, oak, elm, hickory, and pecan trees; common plant allergens include those 
from rye, ragweed, English plantain, sorrel-dock and pigweed; plant contact 

30 allergens include those from poison oak, poison ivy and nettles; common grass 
allergens include Timothy, Johnson, Bermuda, fescue and bluegrass allergens; 
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common allergens can also be obtained from molds or fotigi such as Altemaria, 
Fusarium, Hormodendrum, Aspergillus, Micropolyspora, Mucor and 
thermophilic actinomycetes; penicillin and tetracycline are common antibiotic 
allergens; epidermal allergens can be obtained from house or organic dusts 
5 " (typically fungal in origin), from insects such as house mites (dermatphagoides 
pterosinyssis), or from animal sources such as feathers, and cat and dog dander; 
common food allergens include milk and cheese (diary), egg, wheat, nut (e.g., 
peanut), seafood (e.g., shellfish), pea, bean and gluten allergens; common 
environmental allergens include metals (nickel and gold), chemicals 

10 (formaldehyde, trimtrophenol and turpentine). Latex, rubber, fiber (cotton or 

wool), burlap, hair dye, cosmetic, detergent and perfume allergens; common drug 
allergens include local anesthetic and salicylate allergens; antibiotic allergens 
include penicillin and sulfonamide allergens; and common insect allergens 
include bee* wasp and ant venom, aad cockroach calyx allergens. Particularly 

15 well characterized allergens include, but are not limited to, the major and cryptic 
epitopes of the Der pi allergen (Hoyne et al. (1994) Immunology 83190495), bee 
venom phospholipase A2 (PLA) (Akdis et al. (1996) J. Clin. Invest 98:1676- 
1683), birch pollen allergen Bet v 1 (Bauer et al. (1997) Clin. Exp. Immunol 
107:536-541), and the multi-epitopic recombinant grass allergen rKBG8.3 (Cao 

20 et al, (1 997) Immunology 90:46-5 1). These and other suitable allergens are 
commercially available and/or can be readily prepared as extracts following 
known techniques. 

Incertain other embodiments, the antigen of interest can be a tumor- 
specific antigen. For the purposes of the present invention, tumor-specific 

25 antigens include, but are not limited to, any of the various MAGEs (melanoma 
associated antigen E), including MAGE 1 ? MAGE 2, MAGE 3 (HLA-A1 
peptide), MAGE 4, etc.; any of the various tyrosinases (HLA-A2 peptide); mutant 
ras; mutant p53; and p97 melanoma antigen. Other tumor-specific antigens 
include the Ras peptide and p53 peptide associated with advanced cancers, the 

30 HPV 16/18 and E6/E7 antigens associated with cervical cancers, MUC1-KXH 
antigen associated with breast carcinoma, CBA (carcinoembiyonic antigen) 
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associated with colorectal cancer, gp 100 or MARTI antigens associated with 
melanoma, and the PSA antigen associated with prostate cancer. The p53 gene 
sequence is known (see e.g., Harris et al. (1986) Mol Cell Biol 6:4650-4656) 
and is deposited with GenBank under Accession No. M14694. Thus, the 

5 adjuvant compositions of the present invention can be used to carry out 

immunotherapeutic methods for treating cervical, breast, colorectal, prostate, lung 
cancers, and melanomas. 

Antigens for use with the present invention can be obtained or produced 
using a variety of methods known to those of skill in the art. In particular, the 

1 0 antigens can be isolated directly from native sources, using standard purification 
techniques. Alternatively, the antigens can be produced recombinant^ using 
known techniques. See, e.g., Sambrook, Fritsch & Maniatis, Molecular Cloning: 
A Laboratory Manual, Vols. I, E and UI, Second Edition (1989); DNA Cloning, 
Vols. I and II (D.N. Glover ed. 1985). Antigens for use herein may also be 

1 5 synthesized, based on described amino acid sequences, via chemical polymer 
syntheses such as solid phase peptide synthesis. Such methods are known to 
those of skill in the art. See, e.g., J. M, Stewart and J. D. Young, Solid Phase 
Peptide Synthesis, 2nd Ed., Pierce Chemical Co., Rockford, JL (1984) and G. 
Barany and R. B. Merrifield, The Peptides: Analysis, Synthesis, Biology, editors 

20 E, Gross and J. Meienhofer, Vol 2, Academic Press, New York, (1980), pp. 3- 

254, for solid phase peptide synthesis techniques; and M Bodansky, Principles of 
Peptide Synthesis, Springer-Verlag, Berlin (1984) and E. Gross and I 
Meienhofer, Eds., The Peptides: Analysis, Synthesis, Biology, supra, Vol. 1, for 
classical solution synthesis. 

25 If desired, polynucleotide sequences coding for the above-described 

antigens, can be obtained using recombinant methods, such as by screening 
cDNA and genomic libraries from cells expressing the gene, or by deriving the 
gene from a vector known to include the same. Furthermore, the desired gene can 
be isolated directly from cells and tissues containing the same, using standard 

30 techniques, such as phenol extraction and PCR of cDNA or genomic DNA See, 
e.g., Sambrook et al., supra, for a description of techniques used to obtain and 
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isolate DNA. Polynucleotide sequences can also be produced synthetically, rather 
than cloned. 

ha those compositions wherein the antigen component will be provided by 
way of a nucleic acid sequence encoding an antigen of interest, the coding 
5 sequence for the selected antigen can be combined with one or both of the coding 
sequences for the ADP-ribosylating exotoxin subunit peptides to provide a single 
construct carrying all three coding sequences, combined with just one of the 
coding sequences for a toxin subunit to provide, e.g., a two plasmid composition, 
or provided in a separate construct from either a single construct, or multiple 

10 constructs carrying the toxin subunit coding sequences. In each of the above 

cases, the antigen can be operably linked to and under the transcriptional control 
of the same or different control elements, e.g., promoters and enhancers. In those 
constructs where a single control element is used to direct transcription of two or 
more coding sequences, an internal ribosome entry sequence (BRES) can be used 

15 to facilitate transcription of the multiple sequences. 

Administration of Polynucleotides 

The polynucleotides (nucleic acid molecules containing coding sequences 
for the selected ADP-ribosylating exotoxin subunit peptides) described herein 

20 maybe administered by any suitable method, in a preferred embodiment, 

described below, the polynucleotides are administered by coating one or more 
suitable constructs (e.g<, one or more DNA plasmid constructs) containing the 
coding sequences for the ADP-ribosylating exotoxin subunit peptides of interest 
(and, in certain embodiments, a coding sequence for an antigen of interest on the 

25 same or a different construct) onto core earner particles and then administering 
the coated particles to the subject or cells. However, the polynucleotides of the 
present invention may also be delivered using a viral vector or using non-viral 
systems, e.g. t naked nucleic acid delivery. 
Viral Vectors 

30 A number of viral based systems have been used for gene delivery. For 

example, retroviral systems are known and generally employ packaging lines 
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which have an integrated defective provirus (the '"helper") that expresses all of 
the genes of the virus but cannot package its own genome due to a deletion of the 
packaging signal, known as the psi sequence. Thus, the cell line produces empty 
viral shells. Producer lines can be derived from the packaging lines which, in 
5 addition to the helper, contain a viral vector which includes sequences required in 
cis for replication and packaging of the virus, known as the long terminal repeats 
(LTRs). The polynucleotide molecule(s) of interest can be inserted into the 
vector and packaged in the viral shells synthesized by the retroviral helper. The 
recombinant virus can then be isolated and delivered to a subject. (See, e.g., U.S. 

10 Patent No, 5,2 19,740.) Representative retroviral vectors include but are not 
limited to vectors such as the LHL, N2, LNS AL, LSHL and LHL2 vectors 
described in e.g., U.S. Patent No. 5,219,740, incorporated herein by reference in 
its entirety, as well as derivatives of these vectors, such as the modified N2 vector 
described herein. Retroviral vectors can be constructed using techniques well 

15 known in the art. See, e.g., U.S. Patent No 5,219,740; Mann et al (1 983) Cell 
33:153-159. 

Adenovirus based systems have been developed for gene delivery and are 
suitable for delivering the nucleic acid molecules described herein. Human 
adenoviruses are double-stranded DNA viruses which enter cells by receptor™ 

20 mediated endocytosis. These viruses are particularly well suited for genetic 

transfer because they are easy to grow and manipulate and they exhibit a broad 
host range in vivo and in vitro. For example, adenoviruses can infect human cells 
of hematopoietic, lymphoid and myeloid origin. Furthermore, adenoviruses 
infect quiescent as well as replicating target cells. Unlike retroviruses which 

25 integrate into the host genome, adenoviruses persist extrachromosomally thus 

minimizing the risks associated with insertional mutagenesis. The virus is easily 
produced at high titers and is stable so that it can be purified and stored. Even in 
the replication-competent form, adenoviruses cause only low level morbidity and 
are not associated with human malignancies. Accordingly, adenovirus vectors 

30 have been developed which make use of these advantages. For a description of 
adenovirus vectors and their uses see, Ha)-Ahmad and Graham (1986) X 
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Virol 52267-274; Bett el al. (1993) Virol 67:591 1-5921; Mittereder et al. 
(1994) Human Gene Therapy 5:717-729; Setb et aL (1994) X Virol 68:933-940; 
Barr et al. (1994) Gene Therapy 1:51-58; Berkner, KX. (1988) BioTechniques 
6:616-629;Rich et al, (1993) Human Gene Therapy 4:461-476. 
5 Adeno-associated viral vectors (AAV) can also be used to. administer the 

polynucleotide molecules described herein. In this regard, AAV vectors can be 
derived from any AAV serotype, including without limitation, AAV-1, AAV-2, 
AAV-3, AAV-4, AAV-5, AAVX7, etc, AAV vectors can have one or more of 
the AAV wild-type genes deleted in whole or in part, preferably the rep and/or 

10 cap genes, but retain one or more functional flanking inverted terminal repeat 
(ITR) sequences. A functional ITR sequence is generally deemed necessary for 
the rescue, replication and packaging of the AAV virion. Thus, an AAV vector 
includes at least those sequences required in cis for replication and packaging 
(e.g., a functional ITR) of the virus. The ITR need not be the wild-type 

15 nucleotide sequence, and may be altered, e.g., by the insertion, deletion or 
substitution of nucleotides, so long as the sequence provides for functional 
rescue, replication and packaging. 

AAV expression vectors are constructed using known techniques to at 
least provide as operatively linked components in the direction of transcription, 

20 control elements including a transcriptional initiation region, the DNA of interest 
and a transcriptional termination region. The control elements are selected to be 
functional in a mammalian celh The resulting construct which contains the 
operatively linked components is bounded (5* and T) with functional AAV ITR 
sequences. Suitable AAV constructs can be designed using techniques well 

25 known in the art. See, e.g., U.S. Patent Nos, 5,173,414 and 5,139,941; 

Mernational Publication Nos. WO 92/01070 (published 23 January 1992) and 
WO 93/03769 (published 4 March 1993); Lebkowski et al. (1988) Molec. Cell 
Biol 8:3988-3996; Vincent et aL (1990) Vaccines 90 (Cold Spring Harbor 
Laboratory Press); Carter, B.J. (1992) Current Opinion in Biotechnology 3:533- 

30 539; Muzyozka, N. (1992) Current Topics in Microbiol and Immunol 158:97- 
129; Kotin, R.M. (1994) Human Gene Therapy 5:793-801; Shelling and Smith 
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(1994) Gene Therapy 1:165469; and Zhou et at (1994) X Exp. Med. 179:1867- 
1875. 

Conventional Pharmaceutical Preparations 

Formulation of a preparation comprising the polynucleotide molecules of 
5 the present invention, with or without addition of an antigen composition, can be 
carried out using standard pharmaceutical formulation chemistries and 
methodologies all of which are readily available to the ordinarily skilled artisan. 
For example, compositions containing one or more suitable vectors can be 
combined with one or more pharmaceutically acceptable excipients or vehicles to 

1 0 provide a liquid preparation. 

Auxiliary substances, such as wetting or emulsifying agents, pH buffering 
substances and the like, may be present in the excipient or vehicle. These 
excipients, vehicles and auxiliary substances are generally pharmaceutical agents 
that do not induce an immune response in the individual receiving the 

1 5 composition, and which may be administered without undue toxicity. 

Pharmaceutically acceptable excipients include, but are not limited to, liquids 
such as water, saline, polyethyleneglycol, hyaluronic acid, glycerol and ethanol 
Pharmaceutically acceptable salts can also be included therein, for example, 
mineral acid salts such as hydrochlorides, hydrobromides, phosphates, sulfates, 

20 ■ and the like; and the salts of organic acids such as acetates, propionates, 

malonates, benzoates, and the like. It is also preferred, although not required, that 
the preparation will contain a pharmaceutically acceptable excipient that serves as 
a stabilizer, particularly for peptide, protein or other like antigen molecules if they 
are to be included in the vaccine composition. Examples of suitable carriers that 

25 also act as stabilizers for peptides include, without limitation, pharmaceutical 
grades of dextrose, sucrose, lactose, trehalose, mannitol, sorbitol, inositol, 
dextran, and the like. Other suitable carriers include, again without limitation, 
starch, cellulose, sodium or calcium phosphates, citric acid, tartaric acid, glycine, 
high molecular weight polyethylene glycols (PEGs), and combination thereof. A 

30 thorough discussion of pharmaceutically acceptable excipients, vehicles and 



36 



WO 03/004055 



PCT/US01/43151 



auxiliary substances is available in REMINGTON'S PHARMACEUTICAL 
SCIENCES (Mack Pub. Co,, N.I 1991), incorporated herein by reference. 

Certain facilitators of nucleic acid uptake and/or expression ("transfection 
facilitating agents") can also be included in the compositions, for example, 
5 facilitators such as bupivacaine, cardiotoxin and sucrose, and transfection 

facilitating vehicles such as liposomal or lipid preparations that are routinely used 
to deliver nucleic acid molecules* Anionic and neutral liposomes are widely 
available and well known for delivering nucleic acid molecules (see, e.g., 
Liposomes: A Practical Approach, (1990) RPC New Ed., IRL Press). Cationic 

10 lipid preparations are also well known vehicles for use in delivery of nucleic acid 
molecules. Suitable lipid preparations include DOTMA (N-[l~(2,3- 
dioleyloxy)propyi]-NjNJN^ chloride), available under the 

tradename Lipofectin™ , and DOTAP (l^-bisfoleyloxyJ-S- 
(trimethylamtnonio)propane), see, e.g., Feigner et aL (1987) Proc. Natl Acad. . 

15 Set USA 84:7413-7416; Malone et al. (1989) Proa Natl Acad. Set USA 
86:6077-6081; US Patent Nos 5,283,185 and 5,527,928, and International 
Publication Nos WO 90/11092, WO 91/15501 and WO 95/26356. These cationic 
lipids may preferably be used in association with a neutral lipid, for example 
DOPE (dioleyl phosphatidylethanolamine). Still further transfection-facilitating 

20 compositions that can be added to. the above lipid or liposome preparations 
include spermine derivatives (see, e.g., International Publication No. WO 
93/1 8759) and membrane-permeabilizing compounds such as GALA, 
Gramicidine S and cationic bile salts (see, e.g., International Publication No. WO 
93/19768). 

25 Alternatively, the nucleic acid molecules of the present invention may be 

encapsulated, adsorbed to, or associated with, particulate carriers. Suitable 
particulate carriers include those derived from polymethyl methaciylate polymers, 
as well as PLG microparticles derived from poly(lactides) and poly(lacti.de~co- 
glycolides). See, e.g., Jeffery et aL (1993) Pharm. Res. 10:362-368. Other 

30 particulate systems and polymers can also be used, for example, polymers such as 
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polylysine, polyarginine, polyornithine, spermine, spermidine, as well as 
conjugates of these molecules. 

- The fonnulated compositions will thus typically include one or more 
polynucleotide molecule (e.g., plasmid vector) containing the coding sequences 
5 for the selected ADP-ribosylating exotoxin sixbunit peptides in an amount 
sufficient to adjuvant an immunological response against a co-administered 
antigen. An appropriate effective amount can be readily determined by one of 
skill in the art. Such an amount will fall in a relatively broad range that can be 
detemiined through routine trials. For example, suitable adjuvant effect may be 

10 obtained using as little as 0.1|ig of DNA, while in other administrations;, up to 
2mg of DNA may be used. It is generally expected that an effective dose of 
polynucleotides containing the ADP-ribosylating exotoxin subunit peptide coding 
sequences of interest will fall within a range of about 1 fig to 1000|ig, however, 
doses above and below this range may also be found effective. The compositions 

15 may thus contain from about 0.1% to about 99.9% of the polynucleotide 
molecules. 

Administration of Conventional Pharmaceutical Preparations 
Adimnistration of the above-described pharmaceutical preparations can be 
effected in one dose, continuously or intermittently throughout the course of 

20 treatment. That is, once suitably fonnulated, the compositions of the present 

invention can be administered to a subject in vivo using a variety of known routes 
and techniques. For example, the liquid preparations can be provided as an 
injectable solution, suspension or emulsion and administered via parenteral, 
subcutaneous, intradermal, intramuscular, intravenous injection using a 

25 conventional needle and syringe, or using a liquid jet injection system. Liquid 
preparations can also be administered topically to skin or mucosal tissue, or 
provided as a finely divided spray suitable for respiratory or pulmonary 
administration. Other modes of administration include oral administration, 
suppositories, and active or passive transdermal delivery techniques. 

30 Alternatively, the compositions can be administered ex vivo, for example 

delivery and reimplantation of transformed cells into a subject are known (e.g., 
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dextran-mediated transfection, calcium phosphate precipitation;, electroporation, 
and direct microinjection of into nuclei). However, delivery will most typically 
be via conventional needle and syringe for the liquid compositions and for liquid 
suspensions containing particulate compositions. Methods of determining the 

5 most effective means and dosages of administration are well known to those of 
skill in the art and will vary with the delivery vehicle, the composition of the 
therapy, the target cells, and the subject being treated. Single and multiple 
administrations can be carried out with the dose level and pattern being selected 
by the attending physician. It should be understood that more than one subunit 

1 0 coding region and/or antigen coding region can be carried by a single 

polynucleotide vector construct* Alternatively, separate vectors (e.g., viral 
vectors, plasmids, or any combination thereof), each expressing tine or more 
toxin subunit peptide and/or antigen derived from any pathogen can also be 
delivered to a subject as described herein. 

15 Furthermore, it is also intended that the polynucleotides delivered by the 

methods of the present invention be combined with other suitable compositions 
and therapies. For instance, in order to further augment an immune response in a 
subject, the compositions and methods described herein can be combined with 
delivery of ancillary substances (e.g, other adjuvants), such as pharmacological 

20 agents, cytokines, or the like* Ancillary substances may be administered, for 
example, as proteins or other macromolecules at the same time, prior to, or 
subsequent to, administration of the polynucleotide molecules described herein. 
The nucleic acid molecule compositions may also be administered directly to the 
subject or, alternatively, delivered ex vzvo, to cells derived from the subject, using 

25 methods known to those skilled in the art. 
Coated Particles 

In one embodiment, polynucleotide constructs containing the coding 
sequences for the selected ADP-ribosylating exotoxin subunit peptides, and other 
ancillary components (such as coding sequences for one or more antigens) are 
30 delivered using carrier particles. Particle-mediated delivery methods for 

administering such nucleic acid preparations are known in the art. Thus, once 
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prepared and suitably purified, the above-described plasmid vector constructs can 
be coated onto carrier particles (e.g ., core carriers) using a variety of techniques 
known in the art. Carrier particles are selected from materials which have a 
suitable density in the range of particle sizes typically used for intracellular 
5 delivery from an appropriate particle delivery device. The optimum carrier 
particle size will, of course, depend upon the diameter of the target cells. 

For the purposes of the present invention, tungsten, gold, platinum and 
iridium core carrier particles can be used. Tungsten and gold particles are 
preferred. Tungsten particles are readily available in average sizes of 0.5 to 2.0 

10 pm in diameter. Although such particles have optimal density for use in particle 
* delivery methods, and allow highly efficient coating with DNA, tungsten may 
potentially be toxic to certain cell types* Accordingly* gold particles or 
microcrystalline gold (e.g., gold powder Al 570, available from Engelhard Corp., 
East Newark, NJ) will also find use with the present methods. Gold particles 

1 5 provide uniformity in size (available from Alpha Chemicals in particle sizes of 1 - 
3 \im, or available from Degussa, South Plainfield, NJ in a range of particle sizes 
including 0.95 ]xm) and reduced toxicity, 

A number of methods are known and have been described for coating or 
precipitating DNA or RNA onto gold or tungsten particles. Most such methods 

20 generally combine a predetermined amount of gold or tungsten with plasmid 
DNA, CaCl 2 and spermidine. The resulting solution is vortexed continually 
during the coating procedure to ensure unifoimity of the reaction mixture. After 
precipitation of the nucleic acid, the coated particles can be transferred to suitable 
membranes and allowed to dry prior to use, coated onto surfaces of a sample 

25 module or cassette, or loaded into a delivery cassette for use in a suitable particle 
delivery device. 

Peptide antigens can also be coated onto the same or similar core carrier 
particles. For example, peptides can be attached to a carrier particle by simply 
mixing the two components in an empirically determined ratio, by ammonium 
30 sulfate precipitation or other solvent precipitation methods familiar to those 
skilled in the art, or by chemical coupling of the peptide to the carrier particle. 
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The coupling of L-cysteine residues to gold has been previously described 
(Brown et al, Chemical Society Reviews 9:271-31 1 (1980)). Other methods 
would include, for example, dissolving the peptide in absolute ethanol, water, or 
an alcohol/water mixture, adding the solution to a quantity of carrier particles, 
5 and then drying the mixture under a stream of air or nitrogen gas while vortexing. 
Alternatively, the antigen can be dried onto carrier particles by centrifugation 
under vacuum. Once dried, the coated particles can be resuspended in a suitable 
solvent (e.g., ethyl acetate or acetone), and triturated (e.g., by sonication) to 
provide a substantially uniform suspension. The core carrier particles coated with 

1 0 the antigen can then be combined with core carrier particles carrying the ADP- 
ribosylating exotoxin subunit peptide constructs) and administered in a single 
particle injection step, or administered separately from the toxin subunit 
compositions. 

Achninistration of Coated Particles , 

1 5 Following their formation, core carrier particles coated with the nucleic 

acid preparations of the present invention, alone or in combination with e.g., 
antigen preparations, are delivered to a subject using particle-mediated delivery 
techniques. 

: Various particle delivery devices suitable for particle-mediated delivery 

20 techniques are known in the art, and are all suited for use in the practice of the 
invention. Current device designs employ an explosive, electric or gaseous 
discharge to propel the coated core carrier particles toward target cells. The 
coated particles can themselves be releasably attached to a movable carrier sheet, 
or removably attached to a surface along which a gas stream passes, lifting the 
25 particles from the surface and accelerating them toward the target. An example 
of a gaseous discharge device is described in U.S. Patent No. 5,204,253. An 
explosive-type device is described in U.S. Patent No. 4,945,050. One example of 
an electric discharge-type particle acceleration apparatus is described in U.S. 
Patent No. 5,120,657. Another electric discharge apparatus suitable for use 
30 herein is described in U.S. Patent No. 5, 149,655. The disclosure of all of these 
patents is incorporated herein by reference in their entireties. 
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The coated particles are administered to the subject to be treated in a 
manner compatible with the dosage formulation, and in an amount that will be 
effective to bring about the desired adjuvant effect/nnmune response. The ■ 
amount of the composition to be delivered which, in the case of nucleic acid 
5 molecules is generally in the range of from 0.001 to 1000 |lg, more typically 0.01 
to 10.0 jig of nucleic acid molequle per dose, and in the case of peptide or protein 
molecules is 1 fxg to 5 mg, more typically 1 to 50 \ig of peptide, depends on the 
subject to be treated. The exact amount necessary will vary depending on the age 
and general condition of the individual being immunized and the particular 
10 nucleotide sequence or peptide selected, as well as other factors. An appropriate 
effective amount can be readily determined by one of skill in the art upon reading 
the instant specification. 

Particulate Compositions 

Alternatively, polynucleotides carryitig the selected ADP-ribosylating 

15 exotoxin subunit peptide coding sequences, as well as one or more selected 
antigen moiety, can be formulated as a particulate composition. More 
particularly, formulation of particles comprising one or more polynucleotide 
molecules can be carried out using standard pharmaceutical formulation 
chemistries and methodologies all of which are readily available to the reasonably 

20 skilled artisan. For example, one or more vector construct and/or antigen 

component can be combined with one or more pharmaceutical!/ acceptable . 
excipients or vehicles to provide a vaccine composition. Auxiliary substances, 
such as wetting or emulsifying agents, pH buffering substances, and the like, may 
be present in the excipient or vehicle. These excipients, vehicles and auxiliary 

25 substances are generally pharmaceutical agents that do not themselves induce an 
immune response in the individual receiving the composition, and which may be 
administered without undue toxicity. Phannaceutically acceptable excipients 
include, but are not limited to, liquids such as water, saline, polyethyleneglycol, 
hyaluronic acid, glycerol and ethanol. Pharmaceutical^ acceptable salts can be 

30 included therein, for example, mineral acid salts such as hydrochlorides, 

hydrobromides, phosphates, sulfates, and the like; and the salts of organic acids 
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such as acetates, propionates, malonates, benzoates, and the like. It is also 
preferred, although not required, that the nucleic acid composition will contain a 
pharmaceutical^ acceptable carrier that serves as a stabilizer, particularly for 
peptide, protein or other like antigens or ancillary materials. Examples of 
5 suitable carriers that also act as'stabilizers for peptides include, without 
limitation, pharmaceutical grades of dextrose, sucrose, lactose, trehalose, 
maanitol, sorbitol, inositol, dextran, and the like. Other suitable carriers include, 
again without limitation, starch, cellulose, sodium or calcium phosphates, citric 
acid, tartaric acid, glycine, high molecular weight polyethylene glycols (PBGs), 

1 0 and combination thereof. A thorough discussion of pharmaceutically acceptable 
excipients, carriers, stabilizers and other auxiliary substances is available in 
REMINGTON'S PHARMACEUTICAL SCIENCES (Mack Pub, Co,, NJ. 1991), 
incorporated herein by reference. 

The formulated compositions will include an amount of the toxin subunit 

1 5 peptide-encodhig polynucleotides which is sufficient to provide the desired 
adjuvant effect against a co-administered antigen, as defined above. An 
appropriate effective amount can be readily determined by one of skill in the art. 
Such an amount will fall in a relatively broad range, generally within the range of 
about 0.001 |ig to 25 mg or more of the nucleic acid construct of interest, and 

20 specific suitable amounts can be determined through routine trials. The 

compositions may contain from about 0.1% to about 99.9% of the nucleic acid 
molecule(s). If an antigen component is included in the composition, or the 
methods are used to provide a particulate antigen composition, the antigen will be 
present in a suitable amount as described above. The compositions are then 

25 prepared as particles using standard techniques, such as by simple evaporation 
(air drying), vacuum drying;, spray drying, freeze drying (lyophilization), spray- 
freeze drying, spray coatings precipitation, supercritical fluid particle formation, 
and the like. If desired, the resultant particles can be densified using the 
techniques described in commonly owned International Publication No. WO 

30 97/48485, incorporated herein by reference. 

Single unit dosages or multidose containers, in which the particles may be 
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packaged prior to use, can comprise a hennetically sealed container enclosing a 
suitable amount of the particles comprising a suitable nucleic acid construct 
and/or a selected antigen (e,g., to provide a multicomponent vaccine 
composition). The particulate compositions can be packaged as a sterile 
5 ' ' " fonmdation, and the hermetically sealed container can thus be designed to 

preserve sterility of the formulation until use in the methods of the invention. If 
desired, the containers can be adapted for direct use in a particle delivery device. 
Such containers can take the form of capsules, foilpouch.es, sachets, cassettes, 
and the like. Appropriate particle delivery devices (e.g., needleless syringes) are 

1 0 described herein. 

The container in which the particles are packaged can frirther be labelled 
to identify the composition and provide relevant dosage information. In addition, 
the container can be labelled with a notice in the form prescribed by a 
governmental agency, for example the Food and Drug Administration^ wherein. 

15 the notice indicates approval by the agency under Federal law of the manufacture, 
use or sale of the adjuvant, antigen (or vaccine composition) contained therein for 
human administration, 

The particulate compositions can then be administered using a 
transdermal delivery technique. Preferably, the particulate compositions will be 

20 delivered via a powder injection method, e.g., delivered from a needleless syringe 
system such as those described in commonly owned International Publication 
Nos. WO 94/24263, WO 96/04947, WO 96/12513, and WO 96/20022, all of 
which are incorporated herein by reference. Delivery of particles from such 
needleless syringe systems is typically practised with particles having an 

25 approximate size generally ranging from 0.1 to 250 {1m, preferably ranging from 
about 10-70 \im. Particles larger than about 250 [Xm can also be delivered from 
the devices, with the upper limitation being the point at which the size of the 
particles would cause untoward damage to the skin cells. The actual distance 
which the delivered particles will penetrate a target surface depends upon particle 

30 size (e.g., the nominal particle diameter assuming a roughly spherical particle 
geometry), particle density, the initial velocity at which the particle impacts the 
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surface, and the density and kinematic viscosity of the targeted skin tissue. In this 

regard, optimal particle densities for use in needleless injection generally range 

between about 01 and 25 g/cm 3 , preferably between about 0.9 and L5 g/cm 3 , and 

injection velocities generally range between about 100 and 3,000 m/sec, or 
5 greater. With appropriate gas pressure, particles having an average diameter of 

10-70 [im can be accelerated through the nozzle at velocities approaching the 

supersonic speeds of a driving gas flow. 

Compositions containing a therapeutically effective amount of the 

powdered molecules described herein can be delivered to any suitable target 
10 tissue via the above-described particle delivery devices. For example, the 

compositions can be delivered to muscle, skin, brain, lung, liver, spleen, bone 

marrow, thymus, heart, lymph, blood, bone cartilage, pancreas, kidney, gall 

bladder, stomach, intestine, testis,* ovary, uterus, rectum, nervous system, eye, 

gland and connective tissues. For nucleic acid molecules, delivery is preferably 
15 to, and the molecules expressed in, terminally differentiated cells; however,; the 

molecules can also be delivered to non-differentiated, or partially differentiated 

cells such as stem cells of blood and skin fibroblasts, 

If desired, these needleless syringe systems can be provided in a preloaded 

condition containing a suitable dosage of the particles comprising the ADP- 
20 ribosylating exotoxin subunit peptide coding sequences of interest, The loaded 

syringe can be packaged in a hermetically sealed container, which may further be 

labelled as described above. 

Thus, the method can be used to obtain nucleic acid particles having a size 

ranging from about 10 to about 250 |lm, preferably about 10 to about 150 fim, 
25 and most preferably about 20 to about 60 \Xm; and a particle density ranging from 

about 0.1 to about 25 g/cm 3 , and a bulk density of about 0.5 to about 3.0 g/cm 3 , or 

greater. 

Similarly, particles of selected antigens having a size ranging from about 
0.1 to about 250 Jim, preferably about 0.1 to about 150 jim, and most preferably 
30 about 20 to about 60 |lm; a particle density ranging from about 0. 1 to about 25 
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g/cm 3 , and a bulk density of preferably about 0.5 to about 3.0 g/cm 3 , and most 
preferably about 0.8 to about 1.5 g/cm 3 can be obtained. 

Enhancing Immune Responses 

5 la another embodiment of the invention, a method for enhancing an ' 

immune response against a co-administered antigen of interest is provided. In 
essence, the method entails (a) administering an antigen of interest to a subject, 
(b) providing an adjuvant composition according to the present invention, 
wherein the said composition contains one or more nucleic acid molecules 

1 0 containing selected coding sequences for ADP-tibosylating exotoxin subunit 
peptides, and (c) co-admMstering the adjuvant composition to the subject, 
whereby the toxin subunit peptides are expressed from their respective coding 
sequences in an amount sufficient to elicit an enhanced immune response against 
the co-administered antigen. As described in detail herein above, the coding 

1 5 sequences are operably linked to the same or different regulatory sequences to 

provide one or more expression cassettes* These expression cassettes are then • 
provided in a suitable vector, for example a plasmid vector construct or a viral 
vector. 

In one aspect, the method entails administering the polynucleotide 
20 composition to a subject using standard gene delivery techniques that are known 
in the art, See, e.g., US. Patent Nos. 5,399,346, 5,580,859, 5,589,466. 
Typically, the polynucleotide vaccine composition is combined with a 
pharmaceutical^ acceptable excipient or vehicle to provide a liquid 
preparation (as described herein above) and then used as an injectable solution, 
25 suspension or emulsion for administration via parenteral, subcutaneous, 

intradermal, intramuscular, intravenous injection using a conventional needle and 
syringe, or using a liquid jet injection system. It is preferred that the composition 
be administered to skin or mucosal tissue of the subject. Liquid preparations can 
also be administered topically to skin or mucosal tissue, or provided as a finely 
30 divided spray suitable for respiratory or pulmonary administration. Other modes 
of administration include oral administration, suppositories, and active or passive 
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transdermal delivery techniques. The polynucleotide compositions can 
alternatively be delivered ex vivo to cells derived from the subject, whereafter 
the cells axe reimplanted in the subject Upon introduction into the subject, the 
nucleic acid sequence is expressed to provide the ADP-ribosylating exotoxin 
5~" subunit peptides in situ in an amount sufficient to enhance an immune response 
against the coadministered antigen in the vaccinated subject. This enhanced 
immune response can be characterized as an enhanced humoral (antibody) 
response, an enhanced cellular (CTL) response, or be characterized as enhancing 
both humoral and cellular responses against the co-administered antigen, 

10 hi certain preferred embodiments, the enhanced immune response is 

characterized as an augmented Thl-like (cellular) immune response against the 
co-administered antigen, rather than a Th24ike response. In this regard, the 
augmented Thl-like immune response can be qualified by one or more of the 
following: increased titers of interferon- y producing CD4* helper T lymphocytes 

1 5 and/or CDS* CTLs; increased antigen-specific CTL activity, of increased titers of 
antigen-specific antibodies of the subclass typically associated with cellular 
immunity (e.g,, IgG2a), 

It is preferred that the polynucleotide adjuvant compositions of the 
present invention be delivered in particulate form. For example, the 

20 compositions can be administered using a particle delivery device as 

described in detail herein above. In certain embodiments, the polynucleotide 
compositions can be coated onto core carrier particles using a variety of 
techniques known in the art and delivered using a particle-mediated delivery 
method. Carrier particles are selected from materials which have a suitable 

25 density in the range of particle sizes typically used for intracellular delivery 
from a particle delivery device. The optimum carrier particle size will, of 
course, depend on the diameter of the target cells. 

These methods can alternatively be modified by co-administration of 
additional or ancillary components to the subject. For example, a secondary 

30 vaccine composition can be administered, wherein the secondary composition can 
comprise a nucleic acid vaccine, or the secondary vaccine composition can 
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comprise a conventional vaccine such as a whole virus, split virus, or subunit 
vaccine. The secondary vaccine composition can be combined with the 
polynucleotide ADP-ribosylating exotoxin subunit peptide compositions to form 
a single composition, or the secondary vaccine composition can be administered 
5 separately to the same or to a different site, either concurrently, sequentially, or 
separated by a significant passage of time such as in a boosting step some days 
after the initial composition has been administered. 

As above, the secondary vaccine composition and/or other ancillary 
component can be administered by injection using either a conventional syringe, 

10 or using a particle-mediated delivery system as also described above. 
Administration will typically be either subcutaneously, epidermally, 
intradermal!^ intramucosally (e.g., nasally, rectally and/or vaginally), 
mtraperitoneally, intravenously, orally or mtramuscularly. Other modes of 
administration include topical, oral and pulmonary administration, suppositories, 

15 and transdermal applications. Dosage treatment may be a single dose schedule or 
a multiple dose schedule. 

Experimental 

Below are examples of specific embodiments for carrying out the present 
20 invention. The examples are offered for illustrative purposes only, and are not 
intended to limit the scope of the present invention in any way. 

Efforts have been made to ensure accuracy with respect to numbers used 
(e.g., amounts, temperatures, etc.), but some experimental error and deviation 
should, of course, be allowed for. 

25 
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Example 1 

Development of Expression Vectors Encoding 
the A and B Subunits of CT. 

5 Genomic DNA &om Vibrio cholerae was used as a template for 

polymerase chain reactions (PCR) to generate DNA fragments containing the 
coding sequences for both the A and B subunits of cholera toxin (CT). For PCR 
generation of the A subunit-encoding fragment (CTA), the following two 
oligodeoxyrihonucleotide primers were used: 

10 

Primer 1: 5'™ GGA GCT AGC AAT GAT GAT AAG TTA TAT CGG —3' 
(SEQ ID NO: 7); and 

Primer 2: 5'— CCT GGA TCC TCA TAA TTC ATC CTT AAT TCT —3' (SEQ 
15 ID NO: 8). 

In order to facilitate insertion into an expression vector, Primers 1 and 2 
contain extra sequences at their 5* ends (outside the region of homology to the 
CTA coding sequence) which include recognition sites for Nhel and BamM, 

20 ' respectively. Primers 1 and 2 were designed -to lead to PCR generation of a 

fragment of the A subunit coding sequence starting at nucleotide position 164 and 
ending at nucleotide position 886 (GenBank Accession #D30053). This region 
encompasses the entire coding sequence for the mature subunit A peptide but 
does not include the sequence encoding the bacterial signal peptide found at the 

25 amino terminus of the pre-subunit A peptide. 

For PCR generation of the B subunit-encoding fragment (CTB), the 
following two oligodeoxyrihonucleotide primers were used: 

Primer 3: 5'— GGA GCT AGC ACA CCT CAA AAT ATT ACT GAT —3' 
30 (SEQ ID NO; 9); and 
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Primer 4: 5 1 — CCT GGA TCC TTA ATT TGC CAT ACT AAT TGC —3' (SEQ 
ID NO: 10), 

In order to facilitate insertion into an expression vector, Primers 3 and 4 
5 * contain extra sequences at their 5' ends (outside the region of homology to the 
CTB coding sequence) which include recognition sites for Mel and BaniHI, 
respectively. Primers 3 and 4 were designed to lead to PGR generation of a 
fragment of the B subunit coding sequence starting at nucleotide position 946 and 
ending at nucleotide position 1257 (GenBank Accession #D30053). This region 
1 0 encompasses the entire coding sequence for the mature subunit B peptide but 
does not include the sequence encoding the bacterial signal peptide found at the 
amino terminus of the pre-subunit B peptide. 

In addition to the two PGR reactions described above, a third PCR 
reaction was performed to generate a coding sequence for a modified form of 
1 5 subunit A of CT in which the C-tenninal four amino acid KDEL motif was 

eliminated This reaction involved the use of Primer 1 (SEQ ID NO: 7) and the 
following primer: 

Primer 5 : 5'— CCT GGA TCC TCA AAT TCT ATT ATG TGT ATC — V (SEQ 
20: ID NO: 11). 

All PCR reactions were performed using Pfu Turbo DNA polymerase (obtained 
from Strategene, La Jolla, CA) along with the PCR reaction buffer supplied by 
the manufacturer. PCR conditions were as follows: 95°C for 2 min., 30 cycles of 
25 (95°C for 1 min., 55°C for 2 min. 15 see, 72°C for 1 min.), 72°C for 5 min., and 
4°Chold. 

Following completion of the PCR reactions, the newly synthesized 
fragments were digested with Nhel and BamSl enzymes to generate cohesive 
ends, and the individual fragments were inserted into the Mel- and BamHl- 
30 cleaved pWRG7054 expression vector resulting in the following clones: 

pPJV2002, pp JV2003, and pP JV2006 encoding CTA, CTB, and modified CTA 
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(minus KDEL), respectively. The parental cloning vector pWRG7054 contains 
the human cytomegalovirus immediate early promoter with the associated intron 
A sequence. In addition, the coding sequence for the signal peptide of human 
tissue plasminogen activator is included in pWRG7054 to allow for the secretion 
5 from mammalian cells of any protein whose coding sequence is inserted at the 

Nhel site in the appropriate reading frame. (See, e.g., Chapman et aL (1991) Nuc. 
Acids Res. 19:3979-3986, and Burke et aL (1986) X Biol Chem. 261:12574- 
12578.) 

The restriction maps and fall sequences of plasmids pP JV2002, 
10 pPJV2003, and pPJV2G06 are depicted in Figures 1, 2, and 3, respectively. 

Example 2 

Development of Expression Vectors Encoding the A and B Subunits 
of E. coli Heat Labile Enterotoxin. 

15 

Genomic DNA from J2. coli strain B078:H1 1 (American Type Culture 
Collection #35401) was used as a template for polymerase chain reactions to 
generate DNA fragments containing the coding sequences for both the A and B 
subunits of the heat labile enterotoxin (LT). For PGR generation of the A 
20 subunit-encoding fragment, the following two oligodeoxyribonucleotide primers 
were used: 

Primer 6: 5'— GGA GCT AGC AAT GGC GAC AAA TTA TAC CGT —3' 
(SEQ ID NO: 12); and 

25 

Primer 7: 5 f — CCT GGA TCC TCA TAA TTC ATC CCG AAT TCT — 3' (SEQ 
ID NO: 13). 

hi order to facilitate insertion into an expression vector, Primers 6 and 7 
30 contain extra sequences at their 5' ends (outside the region of homology to the 
LTA coding sequence) which include recognition sites for Nhel and BarnM, 
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respectively. Primers 6 and 7 were designed to lead to PCR generation of a 
fragment of the A subunit coding sequence starting at nucleotide position 145 and 
ending at nucleotide position 867 of the sequence found in the GenBank database 
(Accession #AB01 1677), This region encompasses the entire coding sequence 
5 for the mature subunit A peptide but does not include the sequence encoding the 
bacterial signal peptide found at the amino terminus of the pie-subunit A peptide. 

For PCR generation of the B subunit-encoding fragment, the following 
two oligodeoxyribonucleotide primers were used: 

10 Primer 8: 5 r — GGA GCT AGO GCT CCC CAG TCT ATT ACA GAA —3' 
(SEQ ID NO: 14); and 

Primer 9: 5'— OCT GGA TCC CTA GTT TTC CAT ACT GAT TGC — 3' (SEQ 
ID NO: 15). 

15 

In order to facilitate insertion into an expression vector, Primers 8 and 9 
contain extra "sequences at their 5' ends (outside the region of homology to the 
LTB coding sequence) which include recognition sites for Nhel and BamHL, 
respectively. Primers 8 and 9 were designed to lead to PCR generation of a 

20 ■ fragment of the B subunit coding sequence starting at nucleotide position 927 and 
ending at nucleotide position 1238 of the sequence found in the GenBank 
database (Accession #AB011677), This region encompasses the entire coding 
sequence for the mature subunit B peptide but does not include the sequence 
encoding the bacterial signal peptide found at the amino terminus of the pre- 

25 subunit B peptide. 

In addition to the two PCR reactions described above, a third PCR 
reaction was performed to generate a coding sequence for a modified form of 
subunit A of LT in which the C-terminal four amino acid RJDEL motif was 
eliminated, This reaction involved the use of Primer 6 (SEQ ID NO: 12) and the 

3 0 following primer: 
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Primer 10: 5 r — CCT GGA TCC TCA AAT TCT GTT ATA TAT GTC — , 3' 
(SEQ ID NO: 16). 

All PCR reactions were performed using Pfu Turbo DNA polymerase (obtained 
5 from Strategene, La Jolla, CA) along with the PCR reaction buffer supplied by 

the manufacturer. PCR conditions were as follows: 95°C for 2 min., 30 cycles of 
(95°C for 1 min., 55°C for 2 rain, 15 sec, 72°C for 1 min.), 72°C for 5 min., 4°C 
hold. 

Following completion of the PCR reactions, the newly synthesized 
1 0 fragments were digested with Nhel and BainSEL to generate cohesive ends and the 
individual fragments were inserted into the Nhel- and ^mHI-cleaved 
pWRG7054 expression vector resulting in clones pP JV2004, pPJV2005, and 
pPJV2007 encoding LTA, LTB, and modified LTA (minus RDEL)> respectively. 
The restriction maps and complete sequences of plasmids pPJV2004, 
15 ' pPJV2Q05, and pPJV2007 are shown in Figures 4, 5 and 6, respectively. 

Example 3 

Enhancement of Antige n-Specific Antibody Response to a DNA 
Vaccine Using Flasm id Vectors Encoding CTA and/or CTR 

20 

A DNA vaccine vector encoding the M2 protein of influenza A virus was 
employed to test the adjuvant effects of the pPJV2002, pPJV2003, and pPJV2006 
adjuvant vectors in the context of particle-mediated DNA vaccination. Particle- 
mediated DNA vaccination was performed by precipitating the M2 DNA vaccine 

25 vector, with our without various combinations of the pPJV2002, pPJV2003 and 
pP JV2006 adjuvant vectors, onto microscopic gold particles and accelerating the 
coated gold particles into the epidermis of mice using a Powder Ject® XR-4 
particle delivery device (PowderJect Vaccines, Inc. Madison, WI). 

More particularly, the sequence from the RNA segment #7 (that encodes 

30 the M2 protein) of influenza virus strain A/Kagoshima/10/95 (H3N2) was used as 
a model to design PGR primers to facilitate cloning of the mature M2 coding 
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sequence from A/Sydiiey/5/97 (H3N2). The A/Kagoshima sequence was used for 
primer design since the sequence of RNA segment 7 of A/Sydney has not yet 
heen determined. The high degree of conservation among M2 sequences was 
expected to facilitate the use of primers designed from a different viral strain. 

5 ■ Since M2~is translated from a spliced RNA, it was deemed necessary that 

nucleotide positions 27 to 714 in the coding region of segment 7 KNA were 
spliced out. Accordingly, a set of PGR primers was generated and designed to 
generate the complete M2 coding sequence but ensure that the intron was cleanly 
eliminated from resulting M2 coding sequence clone. The PCR primers used to 
10 generate the full-length M2 coding sequence clone were as follows: 

Primer 11: 5 f — CCC AAG CTT CCA CCA TGA GCC TTC TAA CCG AGG 
TCG AAA CAC CTA TCA GAA ACG AAT GGG AGT GC— 3' (SEQ ID NO: 
17); and 

15 

Primer 12: 5' — CCC GGA TCC TTA CTC CAG CTC TAT GCT G — 3' (SEQ ED ' 
NO: IS), 

Primer 1 1 (SEQ ED NO: 17) contains additional sequences at its 5' end 
20 that include a recognition site for HindBl and a Kozak consensus sequence to 

facilitate mRNA translation initiation. Also, Primer 12 (SEQ ID NO: ) contains 
additional sequences at its 5 T end that includes a recognition sequence for BamfSI. 

Viral RNA was isolated from a sample of A/Sydney/5/97 (H3N2) that was 
grown in embryonated chicken eggs. The viral RNA isolation process used 
25 standard techniques known to those skilled in the art. RNA from this virus was 
used in a reverse transcriptase / polymerase chain reaction (RT-PCR) using an 
RT-PCR kit obtained from Stratagene (La Jolla, C A). The RT reaction step was 
completed by adding 5.9jil of RNase-free water to a reaction tube. To this tube 
was added l.Ojll 10X MMLV-RT buffer and l.OjXl dNTP mix from the kit Also, 
30 1 Jil of A/Sydney/5/97 RNA and 0,6^1 (0.6jXg) of Primer 1 1 (SEQ ID NO: 17) 

was added. The reaction was heated to 65°C for 5 minutes to denature the RNA, 
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after which 0.5JXI of reverse transcriptase from the kit was added. The reaction 
was incubated at 37 Q C for 15 minutes to complete the reverse transcription step. 

The PCR reaction step was completed by addition of the following 
components to a new reaction tube: 40jil water; 5|il 10X ultra HF buffer from the 
5 kit; L0|il dNTP mix from the kit; l.Ofll Primerll (3EQID NO: 17) (L0|lg); 
L0\Ll Primer 12 (SEQ ID NO: 18) (l.Ojlg); Ifll of the reverse transcriptase 
reaction mix from above; and 1 ^ll Turbo PFU polymerase from the kit. The PCR 
reaction was carried out using the following incubation scheme: 1 minute @ 
95°C; followed by 30 cycles of (30 sec @ 95°C 3 30 sec @ 46°C ? 3 min @ 68°C) 3 
10 followed by 10 minutes @ 68°Q PCR products were electrophoresed on a 2% 
agarose gel revealing a single DNA band of the expected size of approximately 
300 bp. 

The approximately 300 bp band was isolated from the gel and digested 
with HindSL and BamBI in order to generate the necessary sticky ends for 

1 5 insertion into the p WRG7077 DNA vaccine expression vector (Schmaljohn et aL 
(1997) I Virol 71:9563-9569). The pWRG7077 DNA was digested partially 
with HindlR and completely with BamBI to facilitate insertion of the M2 coding 
insert. The requirement for a partial HindBI digestion of the vector was due to 
the presence of a second HindBI site in the Kanamycin resistance marker of this 

20 plasmid. The resulting M2 DNA vaccine vector was termed pM2-HL The pM2- 
FL vector contains the immediate early promoter from human cytomegalovirus 
(hCMV) and its associated intron A sequence to drive transcription from the M2 
coding sequence. This vector also includes a polyadenylation sequence from the 
bovine growth hormone gene. 

25 The pM2~FL plasmid was then precipitated onto 2 micron gold particles 

as single vector, or mixed vector plus adjuvant vector samples (i.e., the M2 
plasmid vector was combined with pPJV20Q2> pPJV2003, and/or pPJV2006 
adjuvant vectors). Specifically, plasmid DNA (single M2 vector or M2 vector 
plus one or more adjuvant vectors) was mixed with 2 micron gold particles 

30 (Degussa, Lot 65-0) in a small centrifuge tube containing 400 |il of 50 mM 

spermidine. The DNA-to-gold ratio varied from 2.5 \lg DNA per mg of gold to 
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4.0 [ig of DNA per mg of gold, and a single batch contained 26 mg of gold. 
DNA was precipitated onto the gold particles by addition of a 1/10 volume of 
10% CaCl 2 during continuous agitation of the tube on a rotary mixer, DNA-gold 
complexes were washed three times with absolute ethanol, and then injected into 
- — 5 - - - a TEFZEL® tube (McMaster-Carr) housed-in a tube turner coating machine 
(PowderJect Vaccines, Inc., Madison WI) which coats the inside of the tube 
with the gold/DNA complex. This tube turner machine is described in US 
Patent No, 5,733,600. See also PCX patent application PCT/US95/00780 and 
US Patent Nos. 5,780,100; 5,865,796 and 5,584,807 After the coating 
10 procedure was completed, the tubes were cut into 0,5 inch "cartridges" 
suitable for loading into a particle delivery device. 

The following DNA-gold formulations were generated for a mouse DNA 
vaccine adjuvant trial, 

15 ' Formulation #1 : pM2-FL DNA vector alone, 2.5 [Ig DNA per mg gold, 0.5 mg 
gold per cartridge; 

Formulation #2: pM2-FL DNA vector precipitated onto one batch of gold (2 \ig 
pM2-FL DNA per mg gold), pPJV2002 and pPJV2003 DNA vectors 
20 coprecipitated onto a second batch of gold (1.75 }ig of each DNA adjuvant vector ' 
per mg gold), the gold batches were mixed equally, 0.5 mg gold per cartridge; 

Formulation #3 : pM2-FL DNA vector, pPJV2002 and pP JV2003 DNA vectors 
all coprecipitated onto single batch of gold (2 jig pM2-PL DNA per mg gold, and 
25 1 |ig each of pPJV2002 and pPJV2003 per mg gold), 0.5 mg gold per cartridge; 

Formulation #4: pM2-FL DNA vector, pP JV2006 and pPJV2003 DNA vectors 
all coprecipitated onto single batch of gold (2 \lg pM2-FL DNA per mg gold, and 
1 |ig each of pPJV2006 and pPJV2003 DNA per mg gold), 0.5 mg gold per 
30 cartridge; 
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Formulation #5: pM2~FL DNA vector and pPJV2002 coprecipitated onto single 
batch of gold (2 pM2-FL DNA per mg gold, and 1 jig of pPJV2002 DNA per 
mg gold), 0.5 mg gold per cartridge; and 

~~5 ~ Formulation f6rpM2-KL DNA vector and pP JV2003 coprecipitated onto single ' 
batch of gold (2 |ig pM2-FL DNA per mg gold, and 1 fig of pPJV2003 DNA per 
mg gold), 0-5 mg gold per cartridge. 

These DNA vaccine formulations were then administered to six groups of 

10 mice as follows. Each experimental group contained 7 animals and each animal 
received two immunizations with the respective formulation with a 4 week 
resting period between immunizations. Each immunization consisted of two 
tandem deliveries to the abdominal epidermis (one cartridge per delivery) using a 
PowderJect® XR-1 particle delivery device (PowderJect Vaccines Inc., Madison, . 

1 5 WI) at a helium pressure of 400 p .s.i . Serum samples were collected 4 weeks 
following the primary inmunization (just before the boost) and two weeks 
following the second or booster immunization. 

Individual serum samples were assayed for M2~specific antibody 
responses using an ELIS A assay in which 96~well plates were pre-coated with an 

20 M2 synthetic peptide consisting of the following sequence: 

SLLTEVETPJKNEWECR (SEQ ID NO: 19). ELISA plates were coated with the 
M2 peptide overnight at 4°C using the peptide in phosphate buffered saline (PBS) 
at a concentration of 1 [xg/ml On the next day, the plates were blocked with 5% 
nonfat dry milk in PBS for 1 hour at room temperature. Plates were then washed 

25 three times with wash buffer (10 mM Tris Buffered Saline, 0.1% Brij-35), 
Diluted serum samples were then added to the wells and the plates were 
incubated for 2 hours at room temperature. The plates were washed three times 
with wash buffer and 100 |il of a secondary antibody was added and plates were 
incubated for 1 hour at room temperature. The secondary antibody consisted of a 

30 goat anti-mouse IgG (BR-L) biotin-labeled antibody (Southern Biotechnology) 
that was diluted 1:8000 in 1% BSA/PBS/0.1% Tween-20. Plates were then 
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washed three times, and a streptavidin-horse radish peroxidase conjugate 
(Southern Biotechnology) diluted to 1 :8000 in PBS/0.1% Tween-20 was added 
and the plate incubated for 1 hour at room temperature. Following three 
additional washes, 100 \xl of TMB substrate (Bio Rad ? Hercules, CA) was added 
5 and color development" was allowed to proceed for 30 minutes at room 

temperature. Color development was stopped by the addition of IN H 2 S0 4 and 
the plates were read of 450 nm. Endpoint dilution titers were determined by 
identifying the highest dilution of serum that still yielded an absorbance value 
that was two times the background absorbance value obtained using a non 
10 immune control sample. 

Endpoint antibody titers for individual animals in each group and 
geometric mean titers for each experimental group are shown in Table 1 below. 

TABLE 1 

15 



| Formulation # 


Individual Titers 


Geometric Mean Titer 


1 


24,300 


99,781 




24,300 






72,900 






218,700 






218,700 






218,700 






218,700 




2 


72,900 


186,934 




72,900 






218,700 






218,700 






218,700 






218,700 






656,100 
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1 Formulation # 


Individual Titers 


Geometric Mean Titer j 
1 


3 


24,300 


186,934 




72,900 






72,900 






218,700 






656,100 






656,100 






656,100 




A 


OA 3Afi 






218,700 






656,100 






656,100 






656,100 






656,100 






656,100 






656,100 




5 


* 


262,645 




72,900 






218,700 






218,700 






218,700 






656,100 






656,100 




6 


24,300 


409,722 




72,900 






218,700 






218,700 






1,968,300 






1,968,300 






5,904,900 





5 

* (deceased) 

As can be seen, all experimental groups immunized with a formulation 
containing one or more of the CT-encoding adjuvant vectors (Formulations #2-6) 
10 exhibited an increased geometric mean titer following the booster immunization 
relative to control animals immunized with the M2 vector (Formulation #1) 
alone. 
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Example 4 

Enhancement of Antigen-Specific Cellular Responses to a DNA Vaccine 
Encoding the Hepatitis B Surface Antigen (HBsAg) Using 
Adjuvant Plasmid Vectors Encoding the CT-A and CT-B Subunit Peptides . 
5 * ' - 

A Hepatitis B surface antigen (HBsAg) vector plasmid was 
constructed as follows. To generate the HbsAg coding region, the pAM6 
construct (obtained from the American Type Culture Collection * e ATCC) 
was cut with Ncol and treated with mung bean nuclease to remove the start 

1 0 codon of the X-antigen. The resultant DNA was then cut with BatnEI and 

treated with T4 DNA polymerase to blunt-end the DNA and create an HBsAg 
expression cassette. The HBsAg expression cassette is present in the 1.2 fcB 
fragment. The plasmid construct pPJV7077 (Schmaljohn et al. (1997) /, 
Virol 71:9563-9569) which contains the full-length human CMV (Towne 

15 strain) immediate early promoter (with enhancer) was cut with HindUl and 
BglEL, and then treated with T4 DNA polymerase and calf-alkaline 
phosphatase to create blunt-ended DNA, and the HBsAg expression cassette 
was ligated into the plasmid to yield the pWRG7128 construct. 

The pWRG7128 plasmid was precipitated onto gold particles following 

20 the procedure described in Example 3 above, again using 2 \lg DNA per mg gold. 1 
Adjuvant plasmid vectors e?£pressing the CTA and CTB subunit genes 
(pP JV2002 and pP JV2003, respectively) were mixed together and precipitated 
onto gold particles with each plasmid being present at 1 (ig DNA per mg gold 
such that the total amount was also 2 jig DNA per mg gold. The gold particles 

25 coated with pWRG7128 and those coated with the pPJV2002 and pPJV2003 
were mixed 1:1 and then loaded into TBFZEL® tubing as above. For 
immunization, 0.5 inch lengths of tubing representing 1 [ig DNA (0,5 jig 
pWRG7128 plasmid and 0,25 jig of each of pPJV2002 and pPJV2003 plasmid) 
were delivered into the epidermis of Balb/c mice using the PowderJect® XR4 

30 particle delivery device using the same delivery conditions as described above in 
Example 3* For controls } mice were immunized with gold particles coated only 
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with pWRG7128 (1 [ig DNA/0.5 mg gold per delivery). Mice (4 per 
experimental group) were immunized and boosted at 4 weeks, then sacrificed at 2 
weeks post-boost Immune responses were evaluated for serum antibody levels 
by ELISA. In addition, cellular immune responses were measured using an 
5 ELISPOT assay to quantify CD8~specific BPN-y secretion. 

Serum samples of individual mice were tested for antibodies specific for 
HBsAg using an ELISA assay. For the ELISA, Falcon Pro Bind microliter plates 
were coated overnight at 4°C with purified HBsAg (BioDesign) at 0.1 |ig per 
well in PBS (phosphate buffered saline, BioWhittaker), The plates were blocked 

10 for 1 hour at room temperature (RT) with 5% dry milk/PBS then washed 3 times 
with wash buffer (10 mM Tris Buffered saline, 01% Brij-35), and serum samples 
diluted in dilution buffer .(2% dry milk/PBS/0.05 % Tween 20) were added to the 
plate and incubated for 2 hours at RT. The plates were washed 3 times and a 
biotinylated goat anti-mouse antibody (Southern Biotechnology) diluted 1:8000 

1 5 in dilution buffer was added to the plate and incubated for 1 hr at RT. Following 
the incubation, plates were washed 3 times, after which a Streptavidin- 
Horseradish peroxidase conjugate '(Southern Biotechnology) diluted 1 :80G0 in 
PBS was added and the plate incubated a further 1 hr at RT. After an additional 
three washes, Plates were washed 3 times, then a TMB substrate solution 

20 (BioRad) was added and the reaction was stopped with IN H 2 S0 4 after 30 

minutes. Optical density, was read at 450 nm. Endpoint titers were calculated by 
comparison of the samples with a standard of known titer. 

For the cellular immune assays, single cell suspensions of splenocytes 
from the spleens of the immunized anim als were cultured in vitro in the presence 

25 of a peptide corresponding to a known CDS epitope in Baib/c mice. The peptide 
was dissolved in DMSO (10 mg/ral) and diluted to 10 ug/ml in culture. The 
sequence of the peptide was IPQSLDSWWTSL (SEQ ID NO: 20). 

For JFN-Y ELISPOT assays, MilHpore Multiscreen membrane filtration 
plates were coated with 50 |Xl of 15 jig/ml anti™IFN«Y antiserum (Phanningen) in 

30 sterile 0,1 M carbonate buffer (pH 9.6) overnight at 4°C. Plates were washed 6 
times with sterile PBS and then blocked with tissue culture medium containing 
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10% fetal bovine serum (PBS) for 1-2 hr at RT. The medium was removed and 
spleen cells dispensed into the wells with a total of IxlO 6 cells per well. For 
wells in which less than lxl 0 6 cells from irninunized animals was added, cells 
from naive animals were used to bring the total to IxlO 6 . Cells were incubated 

- 5 overnight in a tissue culture incubator in the presence of the peptide as described 
above. The plates were then washed 2 time with PBS and 1 time with distilled 
water. This was followed by 3 washes with PBS. A biotinylated anti IFN-y 
monoclonal antibody (Phanningen) was added to the plate (50 jil of a 1 Jig/ml 
solution in PBS) and incubated for 2 hr at RT. The plates were washed 6 times 

10 with PBS after which 50 fil of a Streptavidin Alkaline phosphatase conjugate 

(1:1 000 in PBS, Phanningen) was added and incubated for 2 hr at RT. The plates 
were washed 6 times with PBS and an alkaline phosphatase color substrate 
(BioRad) was added and the reaction was allowed to proceed until dark spots 
appeared. The reaction was stopped by washing with water 3 times* Plates were 

15 air dried and spots counted under a microscope. 

For the IFN-y ELIS A assays, the cells were cultured overnight in round 
bottom 96 well tissue culture plates in the presence of the peptide. Samples of 
the supernatant were taken and used for the determination of IFN-y levels, High 
binding plates (Costar) were coated with 100 pi of 0-5 ug/ml of anti-mouse DFN- 

20 y antibody (Pharmingen) in bicarbonate buffer pH 9.6, < Plates were blocked for 1 
hr at RT with tissue culture medium containing 10% KBS then washed 3 times 
with a TBS wash buffer. Supernatant samples obtained from cultured cells were 
diluted in tissue culture medium and loaded onto the plate and incubated for 2 hr 
at RT, Plates were washed 3 times with wash buffer and a secondary antibody 

25 (0.5 |ig/ml of biotinylated rat anti-mouse MF~y in PBS, Pharmingen) was added 
to the plates and incubated for 1 hr at RT. Plates were washed 3 times, and a 
Streptavidin-horseradish peroxidase conjugate (1 :2000 in PBS, Southern 
Biotechnology) was added for 1 hr at RT. Plates were washed 3 times, then a 
TMB substrate solution was added (BioRad) and the reaction was stopped with 

30 1NH 2 S0 4 . Optical density was read at 450 nm. 

The results of the ELIS A are reported below in Table 2. 
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TABLE 2 



Formulation 


Individual Titers 


Average Titers 


pWRG7128 


40,000 


55,000 




84,000 






41,000 






54,000 




pWRG7128, 


28,000 


23,000 


pPJV2002 and 


14,000 




pPJV2003 


27,000 






23,000 





10 As can be seen, antibody levels in control mice immunized with 

pWRG7128 alone were found to be higher than in those immunized with 
pWRG7128 in combination with the CT adjuvant vectors (pPJV2002 and 
pPJV2003)« The average endpoint titer for the control animals was 55,000, while 
the average titer in the animals kmnuuized with the adjuvanted formulation was 

15 23,000. However, the group receiving the adjuvanted formulation actually 

received V% the amount of pWRG7128 as the controls, which may account for the 
reduction in antibody titers. 

The cellular immune responses measured in the two groups of mice 
indicate a significant enhancement of cellular responses by the CT adjuvant 

20 vectors. More particularly, the results of the CD8-specific IFN-y ELBA assay 
are depicted below in Table 3. 
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TABLE 3 



EPN-Y EUSA 1 


Formulation 


Number of Cells/Well 




1.0 xlO 6 


0.5 x 10 6 


0.1 x 10 6 




0.77 


0.213 


0.001 


pWRG7128 


0.828 


0.121 


0.027 


1.35 


0.312 


0.006 




1.25 


0.323 


0.007 


(Average) 


1.05 


0.242 


0.01 


pWRG7128 } 


1.96 


1.19 


0.079 


pPJV2002 and 


2.30 


1.70 


0.263 


pPJV2003 


2.20 


1.83 


0.377 




2.44 


2.33 


0.898 


(Average) 


2.23 


1.76 


0.404 



15 la this IFN~Y ELISA assay, the number of cells per well represents the 

number of cells recovered from immunized animals plated per well. Total " 
number of cells per well is constant (e.g., 1 x 10 6 ) and is supplemented with cells 
from naiVe animals. Values are the OD readings measured at 450 urn. The 
higher OD values in the ELISA found for the cells from mice treated with the CT 

20 adjuvanted formulation is indicative of a greater amount of IFN-y secreted by 
these cells in response to antigen. Cells from naive mice did not yield a 
measurable OD value in the JFN-y ELISA. 

The results of the CD8-specific IFN-y ELISPOT assay are depicted 
below in Table 4. 

25 
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TABLE 4 



BFN-Y ELISPOTs 


Formulation 

j 


Number of Positive Cells/1 x 10 6 Cells 

- | 


pWRG7128 


510 








530 




590 


(Average) 


510 


pWRG7128, 


1,480 


pPJV2002 and 


2,300 


pPJV2003 


2,500 




3,500 


(Average) 


2,445 



In this IFN-Y ELISPOT assay, the numbers are the average of duplicate 
wells and correspond to number of positive cells per 1 x 10 6 cells. Cells from 
naive mice did not yield, any spots in this ELISPOT assay. In addition, the greater 

1 5 number of ELISPOTs found in the animals treated with the CT adjuvanted 

formulation indicates a superior response as compared with the animals receiving 
the antigen (pWRG7128) alone. 

The above data demonstrate that the novel adjuvant compositions of the 
present invention have a potent ability to enhance the cellular immune responses 

20 to a coadministered antigen, in this case a HBs Ag expressed from a DNA 
vaccine. 



WO 03/004055 



PCT/US01/43I51 



Example 5, 

Enhancement of Humoral and Cellular Immune Responses to HIV-1 gp!20 
Antigen Using Simultaneous Delivery of ag p!20 Antigen Vec tor 
and CTA/CTB Adjuvant Vectors . 

5 ' 

A plasmid vector endoding HIV-1 gpl20 was constructed as follows. 
The vector was constructed starting with a Bluescript (Stratagene, La Jolla, 
CA) plasmid backbone, the human cytomegalovirus (hCMV) immediate early 
promoter (Fuller et al (1994) Aids Res. Hum Retroviruses 10:1433) and the 
10 SV40 virus late polyadenylation site. The hCMV promoter is contained 
within a 619 base pair (bp) 

^ccll fragment extending 522 bp upstream and 96 bp downstream from the 
immediate early transcription initiation site. The SV40 virus late 
polyadenylation sequence is contained within an approximately 800 bp 

1 5 BamHI-Bgni fragment derived from pS V2dhfr (formerly available from 

Bethesda Research Laboratories, catalogue #5369 SS), Initially, a plasmid 
encoding HTV-1 gpl60^ termed "pC-Env"was constructed. This plasmid 
contains a 2565 bp KpnI-Xhol fragment from LAV-1 &RU (ATCC Accession 
No. 53069, GenBank Accession No. K02013), which begins at the sequence 

20 encoding amino acid position #4 of the mature gpl60 amino terminus. The 
env coding sequence fragment was placed immediately downstream of, and 
fused in frame with a 160 bp synthetic fragment encoding the herpes simplex 
virus glycoprotein D (gD) signal peptide and none amino acids of the mature 
gD amino terminus as previously described (Fuller et al. (1994) Aids Res. Hum 

25 Retroviruses 10: 1433). 

The plasmid encoding HTV-1 gpl20, termed "pCIA-Env/T" herein, 
was then constructed as follows. The pCIA-Env/T plasmid encodes a 
truncated form of HIV-1 gpl60, and is identical to the pOEnv construct 
except that the env coding sequences are truncated at the HindiS site at 

30 nucleotide position 8 188, This results in a truncated gpl 60 translation 
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product with the truncation point lying 128 amino acid residues downstream 
of the gpl20/gp41 processing site. 

A second plasmid vector encoding HTV-1 rev, termed "pOrev" herein, 
was constructed as follows. This vector contains three discontinuous regions 
5 of the XAV-1 BRU provirus (nucleotide positions 678-1085, 5821-6379, and 

8 188-8944) placed directly between the hCMV promoter and the SV40 virus 
late polyadenylation sequence as described above. The three discontinuous 
regions contain the major 5' splicing donor, the first exon of the rev gene, and 
the second exon of the rev gene, respectively, 

10 A third plasmid vector construct termed "pWRG7054" was used as an 

empty vector control in the study. The pWRG7054 construct contains an SIV 
nef coding region, the hCMV promoter immediate early with the Intron A 
region, a TPA leader sequence and the bovine growth hormone 
polyadenylation sequence. Construction of the pWRG7054 plasmid is 

i 5 described herein below in Example 6. 

The following DNA-gold formulations were generated for a mouse DNA 
vaccine adjuvant trial. 

20 Formulation #1 : Empty vector control (pWRG7054 without the gp 120 insert), 
2.5 \ig DNA per mg gold, 0.5 mg gold per cartridge; 

Formulation #2: Empty vector control (pWRG7054), the gpl20 (pCIA-EnvT) 
DNA vector, and the rev (pC-rev) DNA vector (to allow for expression of the 
25 HIV-1 gpl20 molecule), all coprecipitated onto a single batch of gold (1.25 (Ig of 
each of pWUG7054 DNA and pCIA-EnvT DNA per mg gold, and 0.125 |ig of 
pC-rev per mg gold), 0.5 mg gold per cartridge; 

Formulation #3: Empty vector control (pWRG7054), CTA (pPJV2Q02) and CTB 
30 (pPJV2003) DNA vectors all coprecipitated onto a single batch of gold (1 .25 |ig 
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pWRG7054 DNA per mg gold, and 1 Jig each of pPJV2002 and pPJV2003 DNA 
per mg gold), 0,5 mg gold per cartridge; 

Formulation #4: gpl20 (pCIA-EnvT) DNA vector, HIV-1 rev (pC~rev) DNA 
— 5 vector, CTA (pPJ¥2002) and CTB (pPJV2003) DNA vectors all coprecipitated 
onto a single batch of gold (1.25 [ig pCIA-EnvT DNA per mg gold, 0.125 JigpC- 
rev DNA per mg gold, and 1 each of pP JV2002 and pP JV2003 DNA per mg 
gold), 0.5 mg gold per cartridge; and 

10 Formulation #5: gpl20 (pCIA-EnvT) DNA vector, HIV-1 rev (pC-rev) DNA 
vector, CTA -KDEL (pPJV2006) and CTB (pPJV2003) DNA vectors all 
coprecipitated onto a single batch of gold (1 .25 Jig pCIA-EnvT DNA per mg 
gold, 0 + 125 |ig pC-rev DNA per mg gold, and 1 [ig each of pPJV2006 and 
pPJV2003 DNA per mg gold), 0.5 mg gold per cartridge. 

15 

The pWRG7054, pCIA-EnvT, pC-rev, pPJV2002, pP3V2003 and 
pPJY2006 plasmid vectors were precipitated onto gold particles following the 
procedures described in Example 3 above, again using 2 |lg DNA per mg gold. 
The coated gold particles were loaded into TEFZEL® tubing, again using the 
20- procedures described in Example 3 above. For immunization, two 0.5 inch 
lengths of tubing were used to deliver a total payload of 1.0 mg gold into the 
epidermis of 5-6 week old female Balb/c mice using a particle delivery device 
operated under the same delivery conditions as described above in Example 3 
(400p.s.L helium). 

25 Each of the five experimental groups (one per each DNA vaccine 

formulation) consisted of 4 animals, and each animal received primary and 
booster immunizations with their respective formulations, timed at 0 and 5 
weeks. Each immunization consisted of two tandem deliveries to the abdominal 
epidermis (one cartridge per delivery) using a PowderJect® XfM particle 

30 delivery device (PowderJect Vaccines Inc., Madison, WI). 
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Serum antibody responses to the HIV gpl20 antigen were tested using an 
ELISA assay on specimens collected at week 5 and week 6,5 (post-prime and 
post-boost, respectively). For the ELISA, Costar high binding EIA plates were 
coated with 0.3 pg/well of recombinant HTV gp!20 (Entracel) in 50 Jll PBS by 
5 incubation overnight at 4°C Plates were washed three times and blocked with 
2% BSA in PBS for 2 hours at room temperature. Serial dilutions of serum were 
added to the coated plates, and incubated at 37°C for one hour. After washing, the 
plates were incubated with a 1 : 1500 dilution of alkaline phosphatase conjugated 
goat anti-mouse IgG (H+L) (BioRad), followed by color development with p- 

1 0 nitrophenylphosphate (PNPP) (BioRad) and OD reading @ 405nm. 

The results of the ELISA are depicted in Figure 7. As can be seen, there 
was an approximate 20-fold augmentation of gpl20-specific immune responses in 
the groups that received adjuvant vectors (Formulation #4 containing the 
pPJV2002 and pPJV2003 vectors, or Formulation #5 containing the pP JV2006 

1 5 and pP JV2003 vectors) in combination with the gp 1 20 vector as compared with 
the group that received the gpl20 vector without adjuvant (Formulation #2, 
pClA-EnvT), ; 

Following collection of the post-boost serum samples, animals were 
sacrificed and spleens were collected from each mouse. Splenocytes were 

20 isolated by crushing the spleens, passing the cells through a 70 \lm cell strainer, i 
and lysing the red blood cells with ACK lysis buffer (BioWhittaker). Splenocytes 
were washed 3 times with RPML5% FCS and resuspended to a concentration of 
1 x 10 7 cells/ml in RPMI-10% FCS supplemented with antibiotics, sodium 
pyruvate, and non-essential amino acids. 

25 The amount of antigen-specific IFN-y secreted by the splenocytes was 

determined using an in situ ELISA. Costar high binding plates were coated with 
10 (Xg/ml of anti-mouse IFN-gamma capture monoclonal antibody (mAb) 
(Pharxningen, San Diego, CA) in 50 \il 0.1M bicarbonate buffer (pH 9.6). After 
overnight incubation at 4°C, the wells were washed 5 times with PBS-0.05% 

30 Tween«20 and blocked with 200 pi of complete R10 medium at room 

temperature for 2 hours. 1 xlO 6 splenocytes were added to each well and were 
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stimulated in medium alone (negative control), or in medium with 1 [Xg/ml of a 
HIV gpl20 peptide having the following sequence: RIQRGPGRAFV1TGK (SEQ 
ID NO; 21). Following a 24 hour incubation at 37°C in 5% C0 2 , the plates were 
washed 2 times with deionized (DI) water to lyse the cells, then washed 3 times 

' 5 with PBS-0,05% Tween 20, and incubated for 1 hour at room temperature with 
50 \il per well of 1 fig/ml biotinylated anti-mouse IFN-y detecting mAb 
(Pharmingen), The plates were then washed 5 times and incubated for 1 hour with 
50 |il per well of a 1:8000 dilution df strepavidm-horseradish peroxidase (HHP) 
solution (Southern Biotechnology). The plates were again washed 5 times and 

10 colorimetric development was accomplished by the addition of TMB substrate 
(Bi'oRad, Hercules, CA) for 30 minutes at room temperature. The reaction was 
stopped by the addition of IN sulfuric acid, Absofbance at 450nm was read with 
an optical plate reader. 

The results of this study are depicted in Figure 8. This figure shows the 

15 relative level of antigen-specific IFN-y production in the 5 different vaccine test 
groups receiving the above-described formulations (Formulations #1-5). 
Importantly, the two immunization groups that received the gpl20 vector (pCLA- 
EnvT) in combination with the CT adjuvant vectors (i.e., Formulation #4 
containing the pP JV2002 and pPJV2003 vectors, and Formulation #5 containing 

20 the pP JV2006 and pPJV2003 vectors) displayed significantly higher IFN-y 
production levels than did the gpl20 without adjuvant group (Formulation #2 
containing the empty vector control and pCIA-EnvT), (P <0. 000001 and P = 
0.0068, respectively). These data demonstrate the ability of the present CT vector 
adjuvant combinations to markedly augment antigen-specific cellular immunity to 

25 an HIV antigen in an animal model. 

Ih addition to an increase in the level of IFN-y production, the number of 
IFN-y secreting HTV-gpl20 peptide-specific splenocytes was also increased 
markedly, as determined by an ELISPOT method In the ELISPOT assay, 
nitrocellulose plates (Mllipore) were coated with an IFN-y capture antibody, 

30 washed, and blocked as described above for the T helper cell IFN-y in situ 

ELIS A. Splenocytes were added to pre~coated wells at an input cell number of 1 x 
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10 6 cells/well, and stimulated in medium alone (negative control) or in medium 
containing 1 jxg/ml of a peptide containing the immunodominant HIV-gpl20 
CTL epitope and having the following sequence: RGPGRAFVTI (SEQ ID NO: 
22). The plates were incubated for 24 hours at 37°C in 5% C0 2 , washed 2 times 
5 with DI water, 3 times with PBS7arid incubated for 1 hour at room temperature 
with 50 Jil per well of 1 flg/ml biotinylated anti-mouse IFN-y detecting mAb 
(^haimingen). The plates were then washed 5 times and incubated for 1 hour with 
50 \il per well of a 1:1000 dilution of strepavidin-alkaline phosphatase (ALP) 
solution (Mabtech). The plates were again washed 5 times and colorimetric 

1 0 . development was accomplished by the addition of ALP membrane substrate 
(BioRad, Hercules, CA) until spots formed (2-30 minutes, room temperature). 
The reaction was stopped by washing with DI water, and the plates were air-dried 
overnight. Spots were enumerated under a 40X microscope. Only large spots 
with fuzzy borders were scored as spot forming cells (SFC). 

1 5 The results from this ELISPOT assay are depicted in Figure 9 which 

shows the relative levels of XFN-y-producing splenocytes in the 5 different 
vaccine test groups (receiving Formulations #1-5, respectively). Importantly, the 
two immunization groups that received the gpl20 vector in combination with the 
CT adjuvant vectors (i.e., Formulation #4 containing the pPJV2002 and 

20 pPJV2003 vectors, and Formulation #5 containing the pp JV2006 and pP JV2003 
vectors) displayed significantly hitter numbers of IFN-y-producing cells than did 
the gp 120 without adjuvant group (Formulation #2 containing the empty vector 
control and pCIA-EnvT), (P O.000001 and P - 0.0032, respectively). These data 
demonstrate the ability of the present CT adjuvant combinations to markedly 

25 augment antigen-specific cellular immunity against a coadministered HIV gpl20 
antigen in an animal model In addition, the enhanced IFN-y production seen in 
these studies indicates that use of the CT adjuvant vector combinations of the 
present invention provides a robust Thl-like immune response in the immunized 
animals. 
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Examp le 6 

Enhancement of A ntibody Responses to He patitis B Core and Surface 
Antig ens Using Simultaneo u s De^ Encoding HBcAg 

and HBsAg with CTA/CTB Adjuvant Vectors, 

5 • ■ - - 

A vector plasmid containing coding sequences for both the Hepatitis B 
core antigen (HBcAg) and Hepatitis B surface antigen (HBsAg) was 
constructed as follows. The HBcAg and HBsAg coding sequences were both 
obtained from the HBV clone pAM6 (ATCC Accession No. 45020), To 
1 0 generate the HBsAg coding region, the p AM6 construct was cut with Ncol 
and treated with mung bean nuclease to remove the start codon of the X- 
antigen. The resultant DNA was then cut with BctinHI and treated with T4 
DNA polymerase to blunt-end the DNA and create an HBsAg expression 
cassette. The HBsAg expression cassette is present in the L2 &B fragment 
15 The plasmid construct pPJV7077 (Schmaljohn et al. (1997) X Virol 71:9563- 
9569) which contains the MHength human CMV (Towne strain) immediate 
early promoter (with enhancer) was cut with HindiE and BglSt, and then 
treated with T4 DNA polymerase and calf-alkaline phosphatase to create 
blunt-ended DNA, and the HBsAg expression cassette was ligated into the 
20 plasmid to yield the pWRG7128 construct. 

To generate the HBcAg coding region, the pAM6 construct was cut to 
create an HBcAg expression cassette, after which the HBcAg sequence was 
truncated by site directed mutagenesis to remove the C-terminal arginine-rich 
region from the core antigen particle (which deletion does not interfere with 
25 particle formation). The truncated HBcAg sequence was then cloned into a 
plasmid construct containing the human elongation factor promoter ("hELF", 
Mtzushima et al. (1990) Nucl Acids Res. 18:5322) to provide a HBcAg vector 
construct. 

Expression cassettes containing: (a) the CMV promoter/enhancer, the 
30 Intron A- 5 T untranslated region, and the human tissue plasminogen activator 
(hTPA) signal peptide ("CMV-IA-TTA"); or (b) the bovine growth hormone 
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polyA sequence (bGHpA) were each obtained from the JW4303 vector 
construct (gift of Dr. Harriet Robinson, University of Massachusetts) and 
inserted into a plasmid backbone. The resultant construct was cut with Nhel, 
filled with polymerase and then cut with BamBI to generate a vector fragment 
5 '" containing the pUC 1 9 origin of replication, the axnpicillin resistance gene and 
the bGHpA sequence. The plasmid backbone was cut a second 
time with Sail, filled with polymerase, and cut with BamHI to liberate a 
vector fragment containing the CMV-IA-TPA vector fragment. The two vector 
fragments were ligated together to yield a construct termed p WRG7054. 
1 0 The pWRG7054 construct was cut with Nhel, filled with polymerase, and 

cut with BamHL to produce a vector fragment The HBcAg vector construct was 
cut with NcoL, filled with polymerase, and cut with BamBI to produce an insert 
fragment. The two fragments were then ligated together to yield a construct 
termed pWRG7063. 

1 5 PEL-Bos was cut with EcdKl and dephosphotylated with calf intestinal 

phosphatase to produce a vector fragment The pWRG7Q63 plasmid was cut with 
HindlR, filled with polymerase, and cut with EcoBl to produce an insert fragment 
containing the hTPA signal peptide, the HBcAg antigen sequence and the bGHp A 
region. These two fragments were ligated together to provide a construct termed 

20 pWRG7145. 

The pWRG7128 construct was cut with EcoRl and dephosphorylated 
with calf intestinal phosphatase to produce a vector fragment containing the 
HBsAg coding region under transcriptional control of the hCMV promoter. The 
pWRG7I45 construct was cut with Mfel and EcoBl to produce an insert fragment 

25 comprised of the hELF promoter/intron, the hTPA signal peptide sequence, the 
HBcAG antigen sequence and the bGHpA region. These fragments were then 
ligated together to provide the pPJV7193 plasmid construct containing the 
HBcAg and HBsAg coding sequences. 

The following DNA-gold formulations were then generated for a pig 

30 DNA vaccine adjuvant trial 
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Foimulation#l: Control, the HBcAg/HBsAg vector (pWRG7193) alone, 2 fig 
DNA per nig gold, 0,5 tag gold per cartridge; and 

Formulation #2: The HBcAg/HBsAg vector (pWRG7193), CTA -KDEL 
5 (pPrV r 2O06) and CTB (pPJV2003) DNA vectors all coprecipitated onto single 
batch of gold (1 .0 |ig pWRG7193 DNA per mg gold, and 0.5 |ig each of 
pPJV2006 and pPJV2Q03 DNA per mg gold), 0.5 mg gold per cartridge. 

The pWRG7193 plasmid either alone or with the pPJV2006 and 

•10 pPJV2003 adjuvant vectors was precipitated onto gold particles following the 
procedures described in Example 3 above, again at a final concentration of 2 |Xg 
DNA per mg gold. The coated gold particles were loaded into TEFZEL® tubing 
using the procedures described in Example 3 above. Two experimental groups 
(of 5 domestic pigs each) received two immunizations with Formulation #1 and 

15 Formulation #2, respectively, wherein the two immunizations were spaced 6 

weeks apart. Each immunization consisted of two tandfem 500 p.si. shots to the 
groin area using a PowderJect® XR-1 particle delivery device in which each shot 
utilized a single cartridge. Thus, in the control group (Formulation #1), each 
immunization consisted of the delivery of a total of 1 mg gold and 2 fig of the 

20 DNA vaccine vector p WRG7 1 93 , Similarly, in the adjuvant test group 

(Formulation #2), each immunization consisted of a total delivery of 1 mg of 
gold, 2 |ig of the DNA vaccine vector pWRG7193, and 1 |ig each of the adjuvant 
vectors pPJV2006 and pPJV2003. Blood samples were collected from each 
animal at the time of the booster immunization (week 6) and 2 weeks following 

25 the booster immunization (week 8), 

Detection of antibody responses specific for the core antigen was 
performed as follows: ELISA plates were coated with the hepatitis B core 
antigen (Biodesign) at 100 ng/ml in PBS. After coating overnight at 4°C, plates 
were blocked with 5% nonfat dry milk in PBS for 1 hour at room temperature* 

30 Plates were then washed 3 times with PBS containing 0.05% Tween-2& Swine 
serum samples were serially diluted in 2% nonfat dry milk/PBS/0.01% Tween-20 
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and added to the ELISA plates. After incubation at room temperature for 2 hours, 
plates were washed 3 times with PBS/0.05% Tween-20. The secondary antibody 
consisted of a goat anti-swine IgG conjugated to horse radish peroxidase 
(Kirkegaard and Perry) that was diluted 1:2000 in 2% nonfat dry milk/PBS/Q.01% 
Tween^20; and added to the plates for a 1 hour incubation at room temperature. 
Plates were then washed 5 times with PBS/0.05% Tween-20 and 100 JJil of TMB 
substrate as added. Color development proceeded for 15 minutes and was 
stopped by the addition of 100 [il of IN H 2 S0 4 . Plates were read at 450 urn- 
Figures 10 and 1 1 show the geometric mean absorbance values at 6 and 8 weeks, 
respectively, for each of the two groups of pigs at 4 different serum dilutions. 
These data demonstrate marked enhancement of antibody titers to the hepatitis B 
core antigen following use of CT adjuvant vectors pPJV2006 and pPJV2003. 

In addition to elevated humoral responses to the hepatitis B core antigen, a 
measurable elevation of antibody responses specific for the hepatitis B surface 
antigen was observed in the adjuvant test group as well. Surface antigen-specific 
antibodies were quantified in serum samples from individual animals using a 
commercial assay kit (AUSAB, Abbott Laboratories). This kit allows for the 
quantification of antibody responses in terms of milli-intemationai unit (mlU/ml) 
using a standard panel. The geometric mean surface antigen antibody titers in the 
control group (Formulation #1) and adjuvant test group (Formulation #2) were 
285 and 662 mIU/ml, respectively, demonstrating the ability of the present 
adjuvant plasmids (pPJV2006 and pPJV2003) to augment immune responses to 
an antigen encoded by a separate vector. 
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Example 7 

Enhancement of Cellular Thl-Like Immune Response to a DNA 
Vaccine Using Plasmid Vectors Encoding CT or LT Subunits . 

5 The pM2-FL DNA vaccine vector encoding the M2~protein of influenza A 

virus was employed to test the adjuvant effects of the pPJV2G02, pPJV2003, 
pPJV2004, pP JV2005, pPJV2006 and pP JV2007 adjuvant vectors in the context 
of particle-mediated DNA vaccination. Particle-mediated DNA vaccination was 
performed by precipitating the M2 DNA vaccine vector, either with our without 
10 ■ various combinations of the adjuvant vectors, onto microscopic gold particles and 
accelerating the coated gold particles into the epidermis of mice using a 
PowderJect® XR-1 particle delivery device (PowderJect Vaccines, Inc. Madison, 
WI), Construction of the pM2~FL DNA plasmid vector is described herein above 
in Example 3. 

1 5 As above, the pM2~FL plasmid was precipitated onto 2 micron gold 

particles as single vector, or mixed vector plus adjuvant vector samples. 
Specifically, plasmid DNA (single pM2-FL vector or pM2-FL vector plus one or 
more adjuvant vectors) was mixed with 2 micron gold particles (Degussa) in a 
small centrifuge tube containing spermidine. Precipitation was carried out 

20 .. following the methodologies of Example 3, and the coated gold particles were 
then coated onto the inside surface of a TBFZEL® tube as also described in 
Example 3. The tubing was then cut into 0,5 inch cartridges suitable for loading 
into the particle delivery device. 

The following DNA-gold formulations were generated for a mouse DNA 

25 vaccine adjuvant trial 

Formulation #1 : pM2-FL DNA vector combined with the pWRG7054 empty 
plasmid vector prior to precipitation onto the same batch of gold, 2.1 (Ig total 
DNA per mg gold (0. 1 \Xg pM2-FL and 2.0 \Xg pWRG7054), 0.5 mg gold per 
30 cartridge; 
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Formulation #2: pM2-FL DNA vector combined with the CTA and CTB 
(pPJV2002 and pP JV2003) DNA vectors prior to precipitation onto a single batch 
of gold, 2. 1 \lg total DNA per mg gold (L0 fig of each DNA adjuvant vector per 
mg gold, 0. 1 \lg pM2-PL) ? 0.5 mg gold per cartridge; 

5 " " " 

Formulation #3: pM2~FL DNA vector combined with the CTA -KDEL and CTB 
(pP JV2006 and pPJV2003) DNA vectors all coprecipitated onto single batch of 
gold, 2.1 |lg total DNA per mg gold (1 ,0 fig of each DNA adjuvant vector per mg 
gold, 0.1 Jig pM2-FL), 0.5 mg gold per cartridge; 

10 

Formulation #4: pM2«FL DNA vector combined with the CTA -KDEL 
(pP JV2006) DNA vector and supplemented with the pWRG7054 empty plasmid 
vector all combined and coprecipitated onto single batch of gold, 2.1 fig total 
DNA per mg gold (1.0 ^g pPJV2006, L0 flgpWRG7054, 0.1 |lgpM2-FL), 0,5 
15 mg gold per cartridge; 

Formulation #5 : pM2-FL DNA vector combined with the CTA (pP JV2002) 
DNA vector and supplemented with the pWRG7054 empty plasmid vector, all 
DNAs combined and coprecipitated onto single batch of gold, 2.1 |Xg total DNA 
20 per mg gold (1.0 \ig pPJV2002, 1.0 Jig pWRG7054, 0.1 fig pM2~FL), 0.5 mg 
gold per cartridge; 

Formulation #6: pM2~FL DNA vector combined with the CTB (pPJV2003) 
DNA vector and supplemented with the pWRG7054 empty plasmid vector, all 
25 DNAs combined and coprecipitated onto single batch of gold, 2. 1 fig total DNA 
per mg gold (1 .0 fig pPJV2003, 1.0 Jig pWRG7054, 0.1 fig pM2~FL), 0.5 mg 
gold per cartridge; 

Formulation #7: pM2-FL DNA vector combined with the LTA and LTB 
30 (pPJV2004 and pPJV2005) DNA vectors prior to precipitation onto a single batch 
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of gold, 2.1 [Ig total DNA per mg gold (1.0 jig of each DNA adjuvant vector per 
mg gold, 0.1 |ig pM2~FL), 0.5 mg gold per cartridge; 

Formulation #8: pM2~FL DNA vector combined with the LTA -RDBL and LTB 
"5" " ■ (pPJV2007 and pPJV2005) DNA vectors all coprecipitated onto single batch of 
gold, 2.1 [Ig total DNA per mg gold (L0 \ig of each DNA adjuvant vector per mg 
gold, 0.1 [Ig pM2-FL), 0.5 mg gold per cartridge; 

Formulation #9: pM2-FL DNA vector combined with the LTA -RDEL 
10 (pPJV2007) DNA vector and supplemented with the pWRG7054 empty plasmid 
vector all combined and coprecipitated onto single batch of gold, 2.1 |lg total 
DNA per mg gold (1.0 ^gpPJV2007, 1.0 [XgpWRG7054, 0.1 \ig pM2-FL) s 0.5 
mg gold per cartridge; 

1 5 Formulation #10: pM2~FL DNA vector combined with the LTA (pPJV2004) 
DNA vector and supplemented with the p WRG7054 empty plasmid vector, all 
DNAs combined and coprecipitated onto single batch of gold, 2,1 jig total DNA 
per mg gold (L0 |lg pPJV2004, L0 [ig pWRG7054, 0.1 Jig pM2-FL), 0.5 mg 
gold per cartridge; and 

20 

Formulation #1 1 : pM2~FL DNA vector combined with the LTB (pPJV2005) 
DNA vector and supplemented with the pWRG7054 empty plasmid vector* all 
DNAs combined and coprecipitated onto single batch of gold, 2.1 (Ig total DNA 
per mg gold (1.0 \ig pPJV2005> 1.0 [Ig pWRG7054, 0,1 [Ig pM2-FL) 5 0.5 mg 
25 gold per cartridge. 

These DNA vaccine formulations were then administered to eleven groups of 
mice as follows. Each experimental group contained 8 animals and each animal 
received two immunizations with their respective formulation with a 4 week 
30 resting period between immunizations. Each immunization consisted of two 

tandem deliveries to the abdominal epidermis (one cartridge per delivery) using a 
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PowderJect® XR.-1 particle delivery device (PowderJeot Vaccines Inc., Madison, 
WT) at a helium pressure of 400 p,s + L Serum samples were collected two weeks 
following tiie second or booster immunization. 

Individual serum samples were assayed for M2-specific antibody 

" S responses for both IgGl and IgG2a subclasses using the ELISA assay of Example 
3 above for the determination of total IgG titer, except that a secondary antibody 
conjugate specific for either IgGl or IgG2a was employed. The goat anti-mouse 
IgGl-biotin conjugated antibody was obtained from Southern Biotechnology 
Associates, Inc. (catalogue #1070-08, 0.5 mg/ml concentration) and used at a 

10 1/8000 dilution. The goat anti-mouse IgG2a-biotin conjugated antibody was 
obtained from the same source (catalogue #1080-08, 0.5 mg/ml concentration) 
and was also used at a 1/8000 dilution. 

Geometric mean antibody titers for M2 antigen-specific IgGl and IgG2a 
were determined for each experimental group, and the IgGl-to-IgG2a ratios were 

15 calculated. These data are reported below in Table 5. 



TABLES 



Formulation # 
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9.00 


10 


4.53 


11 


27.00 
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As can be seen with reference to Table 5, addition of either of the A or B 
subunits, or the various combinations of A and B subunits to the M2 DNA 
vaccine formulation resulted in significant reductions in the IgGl-to-igG2a ratio 
5 ' otherwise elicited with the M2 DNA" vaccine (pM2-FL) hi the absence of 

adjuvant (Foundation #1). The greatest ratio reduction resulted from use of the 
LTA plus LTB, and LTA -RDEL plus LIB vector combinations (Formulations #7 
and #8, respectively). In both of these formulations, use of the polynucleotide 
adjuvants of the present invention resulted in an abundance of M2 antigen- 

10 specific IgG2a titers over IgGl, which characteristic is a hallmark of a Thl-Kke 
immune response in mice* 

The results from experimental groups receiving Formulations #1 , #2 and 
#7 were plotted as the log IgGl-to-IgG2a ratio in Figure 12. As can be seen in 
that figure, adjuvanting the pM2-FL DNA vaccine composition with the CTA 

15 plus CTB adjuvant vectors (Foimulation #2) caused a 2 order of magnitude drop 
in the IgGl-to-IgG2a ratio relative to the pM2-FL vaccine composition without 
adjuvant (Formulation #1). In addition, a further 2 order of magnitude drop in 
this ratio was observed when the pM2-FL DNA vaccine was adjuvanted with the 
LTA plus LTB adjuvant vectors (Foimulation #7). 

20 

Example 8 

Addition of Signal Peptide Coding Sequences to 
Adjuvant Vectors Encoding CT or LT . 

25 The vector constructs containing the CTA ? CTB, LTA and LTB toxin 

subunits (pPJV2002, pPJV2G03> pPJV2004, and pPJV2005, respectively) were 
modified to remove the tpa signal peptide coding sequences,, and a dual DNA 
vaccine vector encoding both the Hepatitis B surface and core antigens was 
constructed for use in the following experiments. 

30 The standard PCR conditions that were used for the 

construction/modification of the vectors were as follows: lx PCR core buffer 
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with L5 mM MgC^ (Promega Corp., Madison, WI); 0,400 |iM of each primer; 
200 |iM of each dNTP (USB Inc., Cleveland, OH); 2.5 \lg Taq polymerase 
(Promega Corp., Madison, WT); L0 ng template DNA; water to 100 jil; and a 
mineral oil (Aldrich Chemical Inc;, Milwaukee WI) overlay. A PTC-200 
5 - themiocycler (MJ Research lac, Waltham, MA) was programmed to run the 

following routine: 4 minutes @ 95°C; 30 cycles of (1 minute @ 95°C/ 1 minute 
15 seconds @ 55°C/ 1 minute @ 72°C); 10 minutes @ 72°C; 4°C hold. The 
amplification products were removed from the PGR reaction using the 
QIAquick® PCR Purification Kit (Qiagen lnc. ? Valencia CA) prior to cutting 

10 with restriction enzymes (New England Biolabs, Beverly, MA). All PCR 

products were sequenced after cloning to ensure fidelity of the amplification. 

More specifically, a dual DNA vaccine vector encoding both the Hepatitis 
B surface and core antigens was constructed as follows. The pWRG7128 
construct (Example 4) which contains the surface antigen coding sequence was 

1 5 modified using a series of standard molecular biology techniques to provide the 
dual (surface/core antigen) construct. Initially, the pWRG7128 construct was 
modified to remove the bovine growth hormone polyadenylation region and 
replace the same with the rabbit beta-globin polyadenylation region. A first 
insertion fragment containing the CMV promoter with exon 1 and exon 2 

20 sequences, and a second insertion fragment containing a second rabbit beta- 
globin polyadenlyation region were ligated into the 
modified pWRG7128 construct, and an adaptor constructed by annealing 
systentic oligonucleotides was inserted between Sphl and Pstl sites located 
immediately upstream of the inserted CMV promoter. 

25 Plasmid mpSmpCC (GlaxoSmithKline, UK) was PCRed with the 

following primers: 5'™GCC GCT AGC ATG GAC ATT GAC CCT TAT AAA 
GA — 3 r (SEQ ID NO:23) and 5'™CCA GGA TCC TTA ACA TTG AGA TTC 
C — 3' (SEQ ID NO:24) to generate a Hepatitis B-adw2 core antigen coding 
sequence. This PCR product was cut with Nhel m&BamTELl to generate an 

30 insertion fragment, which fragment was then modified to include a downstream 
Bgtl site and inserted into a cloning vector. The cloning vector was cut with Pstl 
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and EcoRl to generate a core antigen insertion fragment; the modified 
pWRG7128 plasmid was cut with Pstl and Mfel to generate a vector fragment, 
and the core antigen insertion fragment was ligated into the vector fragment, 
resulting in the dual surface/core antigen plasmid construct. 
5 The vector constructs containing the CTA, CTB, LTA and LTB toxin 

sublimits (pP3V2002, pPJV2003, pPJV2004, and pPJV2005, respectively) were 
modified to remove the tpa signal peptide coding sequences by merely excising 
the tpa coding sequences using restriction enzymes to produce the following 
constructs: CTA w/o TPA, CTB w/o TPA, LTA w/o TPA, and LTB w/o TPA, 

10 ■ respectively. 

The dual surface/core antigen plasmid was combined with irrelevant 
plasmid DNA (for non-adjuvanted control) or with the toxin subunit vector 
constructs and precipitated onto 2 micron gold particles. Specifically, plasmid 
DNA (dual surface/core antigen plasmid vector) plus two adjuvant vectors (to 

1 5 provide a CTA/CTB or LTA/LTB combination) was mixed with 2 micron gold 
particles (Degussa) in a small centrifuge tube containing spermidine. 
Precipitation was carried out following the methodologies of Example 3, and the 
coated gold particles were then coated onto the inside surface of a TEFZEL® 
tube as also described in Example 3. The tubing was then cut into 0.5 inch 

20 cartridges suitable for loading into the particle delivery device. 

The following DNA-gold formulations were thus generated for a mouse 
DNA vaccine adjuvant trial: 

Formulation #1 : ("no adjuvant") 1 |Ig dual surface/core antigen DNA plasmid 
25 vector, 1 |ig irrelevant DNA plasmid vector; 

Formulation #2: ("CT") 1 [Jig dual surface/core antigen DNA plasmid vector, 0.5 
jig pP JV2002 (CTA) DNA plasmid vector, 0.5 Jig pPJV2003 (CTB) DNA 
plasmid vector; 

30 
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Formulation #3; ("CT Wo TP A") 1 \Xg dual surface/core antigen DNA plasmid 
vector, 0.5 jig CTA w/o TPA DNA plasmid vector, 0.5 [Xg CTB w/o TPA DNA 
plasmid vector; 

5 F6rmulatiori #4:'"("CTA") 1 Jig dual surface/core antigen'DNA plasmid vector, 1 
[ig pPTV2002 (CTA) DNA plasmid vector; 

Formulation #5: ("CTA w/o TPA") 1 |Xg dual surface/core antigen DNA plasmid 
vector, 1 }ig CTA w/o TPA DNA plasmid vector; 

10 

Formulation #6: ("CTB") 1 [ig dual surface/core antigen DNA plasmid vector, 1 
[Lg pP JV2003 (CTB) DNA plasmid vector; 

Formulation #7: ("CTB w/o TPA") 1 [Xg dual surface/core antigen DNA plasmid 
15 vector, 1 jig CTB w/o TPA DNA plasmid vector; 

Formulation #8: ("LT") 1 \lg dual surface/core antigen DNA plasmid vector, 0.5 
\lg pPJV2004 (LTA) DNA plasmid vector, 0.5 [ig pPJV2005 (LIB) DNA 
plasmid vector; 

20 

Formulation #9: ("LT w/o TPA") 1 [Xg dual surfece/core antigen DNA plasmid 
vector, 0.5 \lg LTA w/o TPA DNA plasmid vector, 0.5 [lg LTB w/o TPA DNA 
plasmid vector; 

25 Formulation #10: ("LTA") 1 [ig dual surface/core antigen DNA plasmid vector, 1 
jig pPJV2004 (LTA) DNA plasmid vector; 

Formulation #1 1 : ("LTA w/o TPA") 1 \ig dual surfece/core antigen DNA 
plasmid vector, 1 [ig LTA w/o TPA DNA plasmid vector; 

30 
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Formulation #12: ("LTB") 1 (ig dual surface/core antigen DNA plasmid vector, 1 
jag pP JV2005 (LTB) DNA plasmid vector; and 

Formulation #13: ('"LIB w/o TP A") 1 fig dual surface/core antigen DNA plasmid 
5 ' vector, 1 [ig LTB w/o TPA DNA plasmid vector. 

In a first study, various of the above-described DNA vaccine formulations 
were administered to five groups of mice using the PowderJect® XR-1 particle 
delivery device (PowderJect Vaccines Inc., Madison, WT). Each experimental 

10 group contained 5 animals, and each animal received two immunizations with the 
respective formulation with a four week resting period between immunizations. 
The Formulations that were tested were as follows: Formulation #1 (no adjuvant); 
Formulation #2 (CT); Formulation #3 (CT w/o TPA); Formulation #8 (LT); and 
Formulation #9 (LT w/o TPA). All animals were sacrificed two weeks after the 

1 5 second immunization, and the spleens harvested for use in IFN-y and IL4 
ELISPOT assays. For the cellular immune assays, single cell suspensions of 
splenocytes from the spleens of the immunized animals were cultured in vitro in 
the presence of a peptide corresponding to a known T cell epitope (from either the 
surface or the core antigen) in the mice. The peptide was dissolved in DMSO (10 

20 mg/ml) and diluted to 1 0 ug/nil in culture. 

For the ELISPOT assays, Millipore Multiscreen membrane filtration 
plates were coated with 50 [Xl of the appropriate antiserum (15 |ig/ml anti-IFN- 
yor -IL-4 antiserum, Pharmingen) in sterile 0,1 M carbonate buffer (pH 9.6) 
overnight at 4°C. Plates were washed 6 times with sterile PBS and then blocked 

25 with tissue culture medium containing 10% fetal bovine serum (FBS) for 1-2 hr at 
RT. The medium was removed and spleen cells dispensed into the wells with a 
total of 1x1 0 6 cells per well For wells in which less than 1x10* cells from 
immunized animals was added, cells from naive animals were used to bring the 
total to 1x1 0 6 . Cells were incubated overnight in a tissue culture incubator in the 

30 presence of the peptide as described above. The plates were then washed 2 time 
with PBS and 1 time with distilled water. This was followed by 3 washes with 
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PBS. Biotinylated w&WN-y or anti-IL-4 monoclonal antibody (Pharmingen) 
was added to the plate (50 \il of a 1 (Xg/ml solution in PBS) and incubated for 2 
hr at RT. The plates were washed 6 times with PBS after which 50 jll of a 
Streptavidin Alkaline phosphatase conjugate (1:1000 in PBS, Phanningen) was 
5 added and incubated for 2 hr at RT. The plates were washed 6 times with PBS 
and an alkaline phosphatase color substrate (BioRad) was added and the reaction 
was allowed to proceed until dark spots appeared The reaction was stopped by 
washing with water 3 times. Plates were air dried and spots counted under a 
microscope. 

1 0 The adjuvant effect of the secreted or non-secreted toxin subunit coding 

sequences was assessed by determining EFN-y and EL-4 ELISPOT responses to 
both the Hepatitis B surface and core antigens ("sAg" arid "cAg") encoded by the 
dual surface/core antigen construct, and these results were compared as reported 
in Figures 13 A-13D. As can be seen, the secreted (signal sequence containing) 

15 CT and LT adjuvant vectors (Formulations #2 and #8, respectively) produced 
significant increases (P:£ 0.05) in IFN-y responses to both the surface and core 
antigens, and in the DL-4 response 'to surface antigen (see Figures 13A ? 13B and 
13C). With respect to the IL-4 responses to the core antigen, the lack of adjuvant 
effect by the LT vectors (Formulations #8 and #9) is consistent with observations 

20 that the LT toxin is more of a Thl adjuvant than the CT toxin. Most importantly, 
the CT and LT vectors lacking the signal sequences (Formulations #3 and #9, 
respectively) exhibited weaker adjuvant effect, particularly as seen in the IFN-y 
ELISPOT data for both the surface and core antigens (see Figures 13A and 13C), 
where there was a statistically significant drop in adjuvant activity by virtue of 

25 deletion of the signal sequences. 

Finally, the clearly observable difference in adjuvant effect between the 
secreted (Formulations #2 and #8) and the non-secreted (Formulations #3 and #9) 
helps establish that the observed adjuvant effects are not due to CpG motifs 
within the adjuvant vectors since the signal-containing and non signal-containing 

30 vectors do not have any difference in bacterial DNA (CpG) content yet exhibit 
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significant differences in theix ability to augment surface antigen-specific IFN-y 
responses. 

In a second study, the above-described DNA vaccine formulations were 
administered to eight groups of mice using the Powder Ject® XR-1 particle 
5 delivery' device (PowderJect Vaccines IacVMadison, WT), Each experimental 

group contained 5 animals, and each animal received two immunizations with the 
respective formulation with a four week resting period between immunizations. 
The Formulations that were tested were as follows: Formulation #1 (no adjuvant); 
Formulation #2 (CT); Formulation #4 (CTA); Formulation #5 (CTA w/o TP A); 

10 Formulation #6 (CTB); Formulation #7 (CTB w/o TP A); Foimulation #8 (LT); 
Formulation #10 (LTA); Formulation #1 1 (LTA w/o TPA); Formulation #12 
(LIB); and Formulation #13 (LTB w/o TPA). All animals were sacrificed two 
weeks after the second immunization, and the spleens harvested for use in IFN-Y 
and IL4 ELISPOT assays described herein above. 

15- . As a result of this second study (data not shown), it was again observed 
that there was no discardable adjuvant effect that could be attributed to CpG 
content in the various adjuvant plasmids. Although for the most part no . 
statistically relevant adjuvant effect was observed with the various toxin subunit 
adjuvant vectors, the LT subunit vectors (Formulations #10-13) did show 

20 adjuvant effect in the IFN~y and IL~4 response to surface antigen (sAg) that was 
influenced by the presence/absence of the secretion signal sequence. 

Example 9 

25 Adjuvant Plasmid Vectors Encoding CTA/CTB or LTA/LTB 

Subunit Peptides in a Viral Challenge Study 

In order to assess the ability of the adjuvant plasmid vectors of the present 
invention to provide for protective effect in a Herpes Simplex Virus type 2 (HS V- 
30 2) viral challenge model, the following study was carried out. A DNA vaccine 
encoding an HS V~2 antigen was constructed and then combined with various 
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combinations of the present adjuvant plasmid vectors to provide vaccine 
compositions. After inmuoization, the immunized animals were challenged with 
HSV-2 virus, and the protective effect of the various vaccine compositions was 
determined, 

5 With respect to the construction of the DNA antigen plasmid, standard 

PCR techniques were used to construct the plasmid. The standard PCR 
conditions that were used for the construction of the vector were as follows: lx 
PGR core buffer with L5 mM MgCl 2 (Promega Corp., Madison, WT); 0.400 |iM 
of each primer; 200 jiM of each dNTP (USB Inc., Cleveland, OH); 2,5 }ig Taq 

10 polymerase (Promega Corp., Madison, WT); 1 .0 ng template DNA; water to 100 
jll; and a mineral oil (Aldrich Chemical Inc., Milwaukee WX) overlay. A PTC- 
200 thennocycler (MJ Research Inc., Waltham, MA) was programmed to run the 
following routine: 4 minutes @ 95°C; 30 cycles of (1 minute @ 95°C/ 1 minute 
15 seconds @ 55°C/ 1 minute @ 72°C); 10 minutes @ 72°C; 4°C hold The 

1 5 amplification products were removed from the PCR reaction using the 

QIAquick® PCR Purification Kit (Qiagen Lie, Valencia CA) prior to cutting 
with restriction enzymes (New England Biolabs, Beverly, MA). All PCR 
products were sequenced after cloning to ensure fidelity of the amplification. 
More specifically, a DNA vaccine plasmid vector encoding the HS V-2 

20 early ICP27 antigen was constructed as follows* HSV is a double-stranded DNA 
virus having a genome of about 150460 kbp. The viral genome is packaged 
within an icosahedral nucleocapsid which is enveloped in a membrane. The 
membrane (or envelope) includes at least 10 virus-encoded glycoproteins, the 
most abundant of which are gB 3 gC, gD, and gE. The viral genome also encodes 

25 over 70 other proteins, including a group of approximately five ICP antigens. 

These early proteins are synthesized early in the viral replication cycle* in contrast 
to the envelope glycoproteins which are only made late in the life cycle of the 
virus. For a review of the molecular structure and organization of HSV, see, for 
example, Roizman and Sears (1996) "Herpes simplex viruses and their 

30 replication" in Fields Virology, 3rd ed., Fields et aL eds., Uppmcott-Raven 

Publishers, Philadelphia, PA. The HS V-2 ICP27 antigen can be readily obtained 
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from the HS V-2 genome, for example the genomic region spanning from 
approximately nucleotide 1 14589 to 134980 of the HSV-2 genome, or an EcoBl 
fragment that spans nucleotides 1 10931 to 139697 of the HSV-2 genome. The 
sequence of the HSV-2 genome is available form published sources, for example 
5 the sequence deposited with GenBank under Accession Number NC_001798. 

In order to construct the ICP27 vector used in the present study, the ICP27 
coding region was PCRed from the HSV-2 genome using the following primers: 
5*— GCC ACT CTC TTC CGA CAC— 3' (SEQ ID NO:25) and 5 1 — CAA GAA 
CAT CAC ACG GAA C— 3 1 (SEQ 3D NO:26) to obtain a nucleotide fragment 
10 containing nucleotide sequences 114523-1 16179 (GenBank) of HSV-2 which 
correspond to the ICP27 coding region. The ICP27 fragment was then cloned 
into the multiple cloning region of the pTarget vector (Promega Coip., Madison, 

my 

The adjuvant plasmid vector constructs containing the CTA, CTB, LTA 
15 and LTB toxin subunits (pPJV2002, pPJV2003, pPJV2004, and pPJV2005, 

respectively) were combined to provide CTA/CTB (pPJV2002 + pPJV2003) and 
LTA/LTB {pP JV2004 + pPJV2005) adjuvant. The ICP27 antigen plasmid was 
combined with with the toxin subunit vector construct pairs and precipitated onto 
2 micron gold particles. Specifically, plasmid DNA (ICP27 antigen plasmid 
20 vector) plus two adjuvant vectors (to provide a CTA/CTB or LTA/LTB 

combination) was mixed with 2 micron gold particles (Degussa) in a small 
centrifuge tube containing spermidine. Precipitation was canied out following 
the methodologies of Example 3, and the coated gold particles were then coated 
onto the inside surface of a TBFZBL® tube as also described in Example 3. The 
25 tubing was then cut into 0.5 inch cartridges suitable for loading into the particle 
delivery device. 

The following DNA-goid formulations were thus generated for the HSV-2 
challenge study: 

30 Formulation #1 : (no adjuvant) 2 \Xg ICP27 antigen DNA plasmid vector; 
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Formulation #2: ("High CT") 900 ng ICP27 antigen DNA plasmid vector, 50 ng 
of pPJV2002 (CTA), 50 ng of pPJV2003 (CTB); 

Foxmulation #3: ("Low CT") 500 ng ICP27 antigen DNA plasmid vector, 250 ng 
■ - - 5 of pPJV2002 (CTA), 250 ng of pPJV2003 (CTB); 

Formulation #4: ("High IT") 900 ng ICP27 antigen DNA plasmid vector, 50 ng 
of pPJV2004 (LTA), 50 ng of pPJV2005 (LIB); and 

10 Formulation #5: ("Low LT") 500 ng ICP27 antigen DNA plasmid vector, 250 ng 
of pPJV2004 (LTA), 250 ng of pPJV2005 (LTB), 

In the study, the above-described DNA vaccine formulations were 
administered to five different groups of mice using the Powder Ject® XR- 1 

15 particle delivery device (PowderJect Vaccines Inc., Madison, 1IVT)- Each ' 
experimental group contained 12 animals, and each animal received two 
immunizations (single shot applied to the abdomen) with the respective 
formulation with a four week resting period between immunizations. A sixth 
group of mice was established as a negative (naive) control, and did not receive 

20 any vaccinations. 4 mice from each group were sacked 2 weeks after the second 
immunization and used for IFN-y ELISPOT assays (data not shown). 

Two weeks post second immunization, all remaining mice (8/group) were 
challenged with 1X10* PFU of HSV-2 virus, strain MS, via intranasal 
instillation. The survival graph depicting the results of the challenge study is 

25 depicted in Figure 14, As can be seen, 100% of the naive animals succumbed 

within 4 days post challenge. The naive animals are depicted on the graph by the 
(•) curve. In addition, 100% of the animals receiving the ICP27 antigen plasmid 
vector alone (Formulation #1) died within 7 days post challenge. The animals 

receiving Formulation #1 are depicted on the graph by the ( T ) curve. In marked 

30 contrast, the 25% (2/8) of the animals receiving 1he ICP27 plasmid adjuvanted 
with the low dose CT (Formulation #3) were protected from the viral challenge, 
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and 38% (3/8) of the animals receiving the ICP27 adjuvanted with the high dose 
CT (Formulation #2) were protected from the viral challenge. The animals 
receiving Formulation #3 are depicted on the graph by the (* ) curve. The 
animals receiving Formulation #2 are depicted on the graph by the (♦) curve. 
5 Finally; both the low dose LT-adjuvaated (Foniiulation #5) and the high dose LT- 
adjuvanted (Formulation #4) ICP27 vaccine provided complete (100%) 
protection in the immunized animals. The animals receiving Formulation #5 are 

depicted on the graph by the ( A ) curve. The animals receiving Formulation #4 

are depicted on the graph by the (o) curve. 

10 



Accordingly, novel polynucleotide adjuvant molecules, compositions 
comprising those adjuvant molecules, and conventional and nucleic acid 
1 5 immunization techniques have been described. Although preferred embodiments 
of the subject invention have been described in some detail, it is understood that 
obvious variations can be made without departing from the spirit and the scope of 
the invention as defined by the appended claims. 
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Claims 

What is claimed is: 

5 LA composition comprising first and second nucleic acid 

sequences, wherein said first nucleic acid sequence is a truncated A subunit 
coding region obtained or derived from abacterial ADP-ribosylating exotoxin, 
and said second nucleic acid sequence is a truncated B subunit coding region 
obtained or derived from a bacterial ADP-ribosylating exotoxin, with the proviso 
10 that each of said truncated subunit coding regions has a 5 1 deletion and encodes a 
subunit peptide not having an amino terminal bacterial signal peptide* 

2. The composition of claim 1 s wherein said first and second nucleic 
acid sequences are present in a single nucleic acid construct 

15 

3. The composition of claim 2, wherein said nucleic acid construct is 
a plasmid vector, 

4. The composition of claim 2, wherein the first and second nucleic 
20 acid sequences are operably linked to a transcriptional control element. 

5« The composition of claim 4, wherein said transcriptional control 
element is a heterologous promoter. 

25 6. The composition of claim 1 wherein said first and second nucleic 

acid sequences are present in separate nucleic acid constructs. 

7. The composition of claim 6, wherein said separate nucleic acid 
constructs are plasmid vectors. 

30 
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8. The composition of claim 1> wherein the truncated subunit coding 
regions are obtained or derived from the same bacterial ADP-ribosylating 
exotoxin. 

5 - - 9, The composition of claim 8, wherein said bacterial ADP- 

ribosylating exotoxin is a cholera toxin (CT). 

1 0. The composition of claim 8, wherein said bacterial ADP~ 
ribosylating exotoxin is an E. coli heat labile enterotoxin (LT). 

10 

1 1 . The composition of claim l p wherein at least one of the truncated 
subunit coding regions has been genetically modified to detoxify the subunit 
peptide encoded thereby. 

15 12. The composition of claim 1 1, wherein the truncated A subunit 

coding region has been genetically modified to disrupt or inactivate ADP-ribosyl 
transferase activity in the subunit peptide encoded thereby. 

1 3. The composition of claim 1 , wherein the truncated A subunit 
20 coding region has been further genetically modified so as to delete a C-ternimal 

KDEL or KDEL motif in the subunit peptide encoded thereby. 

14. The composition of claim 1 further comprising an antigen of 
interest. 

25 

15. The composition of claim 14 ? wherein said antigen is from a 
bacterial, viral or parasitic pathogen. 

1 6 • The composition of claim 1 > further comprising a third nucleic 
30 acid sequence that encodes an antigen of interest. 
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1 7. The composition of claim 1 6, wherein said antigen is from a 
bacterial, viral or parasitic pathogen, 

1 8. The composition of claim 16, wherein said third nucleic acid 

5 sequence is present in a nucleic acid construct that does not contain said first or 
said second nucleic acid sequence* 

1 9. The composition of claim 1 8, wherein the nucleic acid construct 
containing the third nucleic acid sequence is a plasmid vector. 

10 

20. The composition of claim 16, wherein said third nucleic acid ■ 
sequence is present in a nucleic acid construct that also contains at least one of 
said first or said second nucleic acid sequence. 

15 21. The composition of claim 20, wherein the nucleic acid construct 

containing the third nucleic acid sequence is a plasmid vector. 

22. The composition of claim 1, wherein said composition is in a 
particulate form. 

20 

23. Hie composition of claim 22, wherein said particulate composition 
is suitable for transdermal delivery via a particle delivery device. 

24, The composition of claim 1 , further comprising a pharmaceutical^ 
25 acceptable vehicle or excipient 

25, The composition of claim 1 1 wherein the first and second nucleic 
acid sequences are coated onto a core carrier particle, 

30 26, The composition of claim 25, wherein the core carrier particle has 

an average diameter of about 0.1 to about 10p.m. 
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27. The composition of claim 25, wherein the core carrier particle 
comprises a metal 

28. The composition of claim 27 wherein the metal is gold. 

29. A particle delivery device, wherein said device is loaded with a 
particulate vaccine composition as defined in claim 23. 

30. The composition of claim 1 further comprising a transfection 
1 0 facilitating agent. 

31. The composition of claim 30, wherein the transfection facilitating 
agent is a liposome. 

15 32. A composition comprising first and second nucleic acid 

sequences, wherein said first nucleic acid sequence is a modified A subunit 
coding region obtained or derived from a bacterial ADP-ribosylating exotoxin, 
and said second nucleic acid sequence is a B subunit coding region obtained or 
derived from a bacterial ADP-ribosylating exotoxin, with the proviso that said 

20 modified A subunit coding region and said B subunit coding region each encode a 
mature subunit peptide, and with the further proviso that the modified A subunit 
coding region has been genetically modified so as to delete a C-terminal KDEL or 
RDEL motif in the subunit peptide encoded thereby. 

25 33. The composition of claim 32, wherein said first and second 

nucleic acid sequences are present in a single nucleic acid construct. 

34. The composition of claim 33, wherein said nucleic acid construct 
isaplasmid vector. 

30 
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35. The composition of claim 33, wherein the first and second nucleic 
acid sequences are operably linked to a transcriptional control element, 

36. The composition of claim 35, wherein said transcriptional control 
5 element is a heterologous promoter. 

37. The composition of claim 32, wherein said first and second 
nucleic acid sequences are present in separate nucleic acid constructs. 

38. The composition of claim 37, wherein said separate nucleic acid 
constructs are plasmid vectors, 

39. The composition of claim 32, wherein the B and modified A 
subunit Goding regions are obtained or derived from the same bacterial ADP- 
ribosylating exotoxin. 

40. The composition of claim 39, wherein said bacterial ADP- 
ribosylating exotoxin is a cholera toxin (CT), 

41 . The composition of claim 39, wherein said bacterial ADP- 
ribosylating exotoxin is an£. coli heat labile enterotoxin (LT), 

42* The composition of claim 32, wherein at least one of the B or 
modified A subunit coding regions has been genetically modified to detoxify the 
25 subunit peptide encoded thereby 

43. The composition of claim 42, wherein the modified A subunit 
coding region has been genetically modified to disrupt or inactivate ADP-ribosyl 
transferase activity in the subunit peptide encoded thereby 

30 
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44, The composition of claim 32, wherein the modified A subunit 
coding region and the B subunit coding region have each been truncated by a 5 1 
deletion whereby each of said truncated subunit coding regions encodes a subunit 
peptide not having an amino terminal bacterial signal peptide, 

S - 

45, The composition of claim 32 further comprising an antigen of 
interest. 

46, The composition of claim 45, wherein said antigen is from a 
10 bacterial, viral or parasitic pathogen, 

47, The composition of claim 32 farther comprising a third nucleic 
acid sequence that encodes an antigen of interest. 

15 48 . The composition of claim 47, wherein" said antigen is from a 

bacterial, viral or parasitic pathogen. 

49. The composition of claim 47, wherein said third nucleic acid 
sequence is present in a nucleic acid construct that does not contain said first or 

20 said second nucleic acid sequence. 

50, The composition of claim 49, wherein the nucleic acid construct 
containing the third nucleic acid sequence is a plasmid vector. 

25 51. The composition of claim 47, wherein said third nucleic acid 

sequence is present in a nucleic acid construct that also contains at least one of 
said first or said second nucleic acid sequence, 

52, The composition of claim 51, wherein the nucleic acid construct 
30 confining the third nucleic acid sequence is a plasmid vector. 
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53* The composition of claim 32, wherein said composition is in a 
particulate form. 

54. The composition of claim 53* wherein said particulate composition 
5 - -is suitable for transdermal delivery via a particle delivery device. 

55, The composition of claim 32 further comprising a 
pharmaceutical^ acceptable vehicle or excipient 

10 56. A composition according to claim 55, wherein the first and second 

nucleic acid sequences are coated onto a core carrier particle. 

57* The composition of claim 56, wherein the core earner particle has 
an average diameter of about 0.1 to about 10pm. 

15. 

58. The composition of claim 56, wherein the core carrier particle 
comprises a metal, 

59. The composition of claim 58, wherein the metal is gold 

20 

60. A particle delivery device, wherein said device is loaded with a 
particulate vaccine composition as defined hi claim 54, 

61 . The composition of claim 32 further comprising a transfection 
25 facilitating agent. < 

62. The composition of claim 61, wherein the transfection facilitating 
agent is a liposome. 

30 63. Use of a composition comprising a first and second nucleic acid 

sequence, each said sequence including a coding region for a subunit from a 
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bacteria] ADP-ribosylatktg exotoxin in the manufacture of a medicament for 
enhancing an immune response in a vertebrate subject against an antigen of 
interest in the said subject by administering the antigen of interest and the said 
composition to the subject whereby the toxin subunits encoded by the first and 

- 5~ - second nucleic acid sequences are-expressed in an amount sufficient to "elicit an 
enhanced immune response against the antigen, wherein said first nucleic acid 
sequence contains a truncated A subunit coding region obtained or derived from a 
bacterial ADP-ribosylating exotoxin, and said second nucleic acid sequence 
contains a truncated B subunit coding region obtained or derived from a bacterial 

10 ADP-ribosylating exotoxin, with the proviso that each of said truncated subunit 
coding regions has a 5 1 deletion and encodes a subunit peptide not having an 
amino termiciai bacterial signal peptide. 

64, Use according to claim 63, wherein the 'antigen of interest and the 
1 5 composition are administered to the same site in the subject. 

65. Use according to claim 63 , wherein the antigen of interest and the 
composition are administered concurrently. 

20 66. Use according to claim 65 9 wherein the antigen of interest and the 

composition are combined to provide a single vaccine composition. 

67. Use according to claim 63, wherein the antigen of interest is from 
a bacterial, viral or parasitic pathogen. 

25 

68. Use according to claim 67 5 wherein a third nucleic acid sequence 
is administered to the subject and the third sequence encodes said antigen of 
interest. 

30 69. Use according to claim 63, wherein the first and second nucleic 

acid sequences are administered to the subject in particulate form. 
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70. Use according to claim 69, wherein the composition containing the 
first and second nucleic acid sequences are coated onto a core carrier particle and 
administered to the subject using a particle-mediated delivery technique. 

" 5 "71 . ~ -Use according to claim 63, wherein the subject is human. - 

72. Use of a composition comprising a first and second nucleic acid 
sequence, each said sequence including a coding region for a subunit from a 
bacterial ADPnribosylating exotoxin in the manufacture of a medicament for 

10 enhancing an immune response in a vertebrate subject against an antigen of 

interest in the said subject by administering the antigen of interest and the said 
composition to the subject whereby the toxhr subunits encoded by the first and 
second nucleic acid sequences are expressed in an amount sufficient to elicit an 
enhanced immune response against the antigen, wherein said first nucleic acid 

15 sequence contains a modified A subunit coding region obtained or derived from a 
bacterial ADP-ribosylating exotoxin, and said second nucleic acid sequence 
contains a B subunit coding region obtained or derived from a bacterial ADP- 
ribosylating exotoxin, with the proviso that said modified A subunit coding 
region and said B subunit coding region each encode a mature subunit peptide, 

20 and with the further proviso that the modified A subunit coding region has been 
genetically modified so as to delete a C-terminal KDEL or RDEL motif in the 
subunit peptide encoded thereby. 

73 . Use according to claim 72, wherein the antigen of interest and the 
25 composition are administered to the same site in the subject, 

74. Use according to claim 72, wherein the antigen of interest and the 
composition are administered concurrently, 

30 75, Use according to claim 74, wherein the antigen of interest and the 

composition are combined to provide a single vaccine composition. 
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76. Use according to claim 72, wherein the antigen of interest is from 
a bacterial, viral or parasitic pathogen. 

77. Use according to claim 76, wherein a third nucleic acid sequence 
is administered to the subject and the^third sequence encodes said antigen of 
interest. 

78. Use according to claim 72, wherein the first and second nucleic 
acid sequences are administered to the subject in particulate form. 

79. Use according to claim 78, wherein the composition comprising 
the first and second nucleic acid sequences are coated onto a core carrier particle 
and administered to the subject using a particle-mediated delivery technique. 

80. Use according to claim 72, wherein the subject is human. 

81. A method for enhancing an immune response against an antigen of 
interest in a subject, the method comprising: 

(a) administering the antigen of interest to the subj ect; 

(b) providing an adjuvant composition comprising first and second 
nucleic acid sequences, wherein said first nucleic acid sequence is a truncated A 
subunit coding region obtained or derived from a bacterial ADP-ribosylating 
exotoxin, and said second nucleic acid sequence is a truncated B subunit coding 
region obtained or derived from a bacterial ADP-ribosylating exotoxin, with the 
proviso that each of said truncated subunit coding regions has a 5 ! deletion and 
encodes a subunit peptide not having an amino terminal bacterial signal peptide; 

(c) administering said adjuvant composition to the subject, whereby 
upon introduction to the subject, the first and second nucleic acid sequences are 
expressed to provide subunit peptides in an amount sufficient to elicit said 
enhanced immune response against the antigen of interest. 



100 



WO 03/004055 



PCT/US01/431S1 



82. A method for enhancing an immune response against an antigen of 
interest in a subject, the method comprising: 

(a) administering the antigen of interest to the subject; 

(b) providing an adjuvant composition comprising first and second 

5 nucleic acid sequences, wherein said first nucleic acid sequence Is a modified A 
subunit coding region obtained or derived from a bacterial ADP-ribosylating 
exotoxin, and said second nucleic acid sequence is a B subunit coding region 
obtained or derived from a bacterial ADP-ribosylating exotoxin, with the proviso 
that said modified A subunit coding region and said B subunit coding region each 
1 0 encode a mature subunit peptide, and with the further proviso that the modified A 
subunit coding region has been genetically modified so as to delete a C-temiinal 
KDEL or RDEL motif in the subunit peptide encoded thereby; and 

(c) administering said adjuvant composition to the subject, whereby 
upon introduction to the subject, the first and second nucleic acid sequences are 

15 expressed to provide subunit peptides in an amount sufficient to elicit said 
enhanced immune response against the antigen of interest 
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1 GACGAAAGGG CCTCGTGATA CGCOTATTTT TATAGGTTAA TGTCATGATA ATAATGGTTT 

61 CTTAGACGTC AGGTGGCACT tTTTCGGGGAA ATGTGCGCGG AACCCCTATT TGTTTATTTT 

121 TCTAAATACA TTCAAATATG TATCCGCTCA TGAGACAATA ACCCTGATAA ATGCTTCAAT 

181 AATATTGAAA AAGGAAGAGT ATGAGTATTC AACATTTCCG TGTCGCCCTT ATTCCCTTTT 

241 TTGCGGCATT TTGCCTTCCT GTTTTTGCTC ACCCAGAAAC GCTGGTGAAA GTAAMGATG 

301 - CTGAAGATCA - GTO3GGTGCA CGAGTGGGTT ACATCGAACT GGATCTCAAC AGGGGTAAGA 

361 TCCTTGAGAG TTTTCGCCCC GAAGAACGTT TTCCAATGAT GAGCACTTTT AAAGTTCTGC 

421 TATGTGGCGC GGTATTATCC CGTATTGACG CCGGGCAAGA GCAACTCGGT CGCCGCATAC 

481 ACTATTCTCA GAATGACTTG GTTGAGTACT CACCAGTCAC AGAAAAGCAT CTTACGGATG 

541 GCATGACAGT AAGAGAATTA TGCAGTGCTG CCATAACCAT GAGTGATAAC ACTGCGGCCA 

601 ACTTACTTCT GACAACGATC GGAGGACCGA AGGAGCTAAC CGCTTTTTTG CACAACATGG 

661 GGGATCATGT AACTCGCCTT GATCGTTGGG 'AACCGGAGCT GAATGAAGCC ATACCAAACG 

721 ACGAGCGTGA CACCACGATG CCTGTAGCAA TGGCAACAAC GTTGCGCAAA CTATTAACTG 

781 GCGAACTACT TACTCTAGCT TCCCGGCAAC AATTAATAGA CTGGATGGAG GCGGATAAAG 

341 TTGCAGGACC ACTTCTGCGC TCGGCCCTTC CGGCTGGCTG GTTTATTGCT GATAAATCTG 

901 . GAGCCGGTGA GCGTGGGTCT CGCGGTATCA TTGCAGCACT GGGGCCAGAT GGTAAGCCCT 

961 - CCCGTATCGT AGTTATCTAC ACGACGGGGA .GTCAGGCAAC TATGGATGAA CGAAATAGAC 

1021 AGATCGCTGA GATAGGTGCC TCACTGATTA AGCATTGGTA ACTGTCAGAC CAAGTTTACT 

1081 CATATATACT TTAGATTGAT TTAAAACTTC ATTTTTAATT TAAAAGGATC TAGGTGAAGA 

1141 TCCTTTTTGA TAATCTCATG ACCAAAATCC CTTAACGTGA GTTTTCGTTC CACTGAGCGT 

1201 CAGACCCCGT AGAAAAGATC AAAGGATCTT CTTGAGATCC TTTTTTTCTG CGCGTAATCT 

1261 GCTGCTTGCA AACAAAAAAA CCACCGCTAC CAGCGGTGGT TTGTTTGCCG GATCAAGAGC 

1321 TACCAACTCT TTTTGCGAAG GTAACTGGCT TCAGCAGAGC GCAGATACCA AATACTGTCC 

1381 TTCTAGTGTA GCCGTAGTTA GGCCACCACT TCAAGAACTC TGTAGCACCG CCTACATACC 

1441 TCGCTCTGCT AATCCTGTTA CCAGTGGCTG CTGCCAGTGG CGATAAGTCG TGTCTTACCG 

1501 GGTTGGACTC AAGACGATAG TTACCGGATA AGGCGCAGCG GTCGGGCTGA ACGGGGGGTT 

IS 61 CGTGCACACA GCCCAGCTTG GAGCGAACGA CCTACACCGA ACTGAGATAC CTACAGCGTG 

1621 AGCATTGAGA AAGCGCCACG CXTCCCGAAG GGAGAAAGGC GGACAGGTAT CCGGTAAGCG 

1681 GCAGGGTCGG AACAGGAGAG CGCAGGAGGG AGCTTCCAGG GGGAAACGCC TGGTATCTTT 

1741 ATAGTCCTGT CGGGTTTCGC CACCTCTGAC TTGAGCGTCG ATTTTTGTG& TGCTCGTCAG 

1801 GGGGGCGGAG CCTATGGAAA AACGCCAGCA ACGCGGCCTT TTTACGGTTC CTGGCGTTTT 

1861 GCTGGCCTTT TGCTCACATG TTCTTTCCTG CGTTATCCCC TGATTCTGTG GATAACCGTA 

1921 TTACCGCCTT TGAGTGAGCT GATACCGCTC GCCGCAGCCG AAGGACCGAG CGCAGCGAGT 

1981 CAGTGAGCGA GGAAGCGGAA GAGCGCCCAA TACGCAAACC GCCTGTCCCC GCGCGTTGGC 

2041 CGATTCATTA ATGCAGCTGG CACGACAGGT TTCCCGACTG GAAAGCGGGC AGTGAGCGCA 

2101 ACGCAATTAA TGTGAGTTAG CTCACTCATT AGGCACCCCA GGCTTTACAC TTTATGCTTC 

2161 CGGCTCGTAl* GTTGTGTGGA ATTGTGAGCG GATAACAATT TCAGACAGGA AACAGCTATG 

2221 ACCATGATTA CGCCAAGCTA GTCGACATAA ATCAATATTG GCTATTGGCC ATTGCATACG 

2281 TTGTATCTAT ATCATAATAT GTACATTTAT ATTGGCTCAT GTCCAATATG ACCGCCATGT 

2341 TGACATTGAT TATTGACTAG TTATTAATAG TAATCAATTA CGGGGTCATT AGTTCATAGC 

2401 CCATATATGG AGTTCCGCGT TACATAACTT ACGGTAAATG GCCCGCCTCG ' TGACCGCCGA 

2461 ACGACCCCCG CCCATTGACG TCAATAATGA CGUATGTTCC CATAGTAACG CCAATAGGGA 

2521 CTTTCCATTG ACGTCAATGG GTGGAGTATT TACGGTAAAC TGCCCAGTTG GCAGTACATC 

2581 AAGTGTATCA TATGCCAAGT CCGGCCCCCT ATTGACGTCA ATGACGGTAA ATGGCCCGCC 

2641 TGGCATTATG CCCAGTACAT GACCTTACGG GACTTTCCTA CTTGGCAGTA CATCTACGTA 

2701 TTAGTCATCG CTATTACCAT GGTGATGGGG TTTTGGCAGT ACACCAATGG GCGTGGATAG 

2761 CGGTTTGACT CACGGGGATT TCCAAGTCTC CACCCCATTG ACGTCAATGG GAGTTTGTTT 

2821 TGGCACCAAA ATCAACGGGA CTTTCCAAAA TGTCGTAATA ACCCCGCCCC GTTGACGCAA 

2881 ATGGGCGGTA GGCGTGTACG GTGGGAGGTC TATATAAGCA GAGCTCGTTT AGTGAACCGT 

2941 CAGATCGCCT GGAGACGCCA TCCACGCTGT TTTGACCTCC ATAGAAGACA CCGGGACCGA 

3001 TCCAGCCTCC GCGGCCGGGA ACGGTGCATT GGAACGCGGA TTCCCCGTGC CAAGAGTGAC 

3061 GTAAGTACCG CCTATAGACT CTATAGGCAC ACCCCTTTGG CTCTTATGCA TGCTATACTG 

3121 TTTTTGGCTT GGGGCCTATA CACCCCCGCT CCTTATGCTA TAGGTGATGG TATAGCfTAG 

3181 CCTATAGGTG TGGGTTA^TG ACCATTATTG ACCACTCCCC TATTGGTGAC GATACTTTCC 

3241 ATTACTAATC CATAACATGG CTCTTTGCCA CAACTATCTC TATTGGCTAT ATGCCAATAC 

3301 TCTGTCCTTC AGAGACTGAC ACGGAGTCTG TATTTTTACA GGATGGGGTC CCATTTATTA 

3361 TTTACAAATT CACATATACA ACAACGCCGT CGCCCGTGCC CGCAGTTTTT ATTAAACATA 

3421 GCGTGGGATC TCCACGCGAA TGTCGGGTAC GTGTTCGGGA CATGGGCTCT TCTCCGGTAG 

3431 CGGCGGAGCT TCCACATGCG AGCCCTGGFC CCATGCCTCC AGCGGCTCAT GGTCGC1*GGG 

3S41 CAGCTCCTTG CTCCTAACAG TGGAGGCCAG ACTTAGGCAC AGCACAATGC CCACCACCAC 

3601 CAGTGTGCCG- CACAAGGCGG TGGCGGTAGG GTATGTGTCT GAAAATGAGC TCGGAGATTG 
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PPJV2003, 5089 bps dua Circular 
pPJV2G03 «cm5, \ ' . 

Ligation of CTB nhe bam cut frag into 7054 SJhe Bam Vector 
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1 GACGA&AGGG CCTCGTGATA CGCCTATTTT TATAGGTTAA TGTCATGATA ATAATGGTTT 

61 CTTAGACGTC AGGTGGCACT TTTCGGGGAA ATGTGCGCGG AACCCCTAIT TGTTXATTTT 

121 TCTAAATACA TECAAATATG TATCCGCTCA TGAGACAATA ACCCTGATAA ATGCTTCAAT 

XBX AATATTGAAA* AAGGAAGAGT ATGAGTATTC AACATTXCCG TGTCGCCCTT ATTCCCTTTT 

241 TTGCGGCATT TTGCCTTCCT ' GTTTTTGCTC ACCCAGAAAC GCTGGTGAAA GTAAAAGATG 

• 301 CTGAAGATCA GTTGGGTGCA CGAG2GGGTT ACATCGAACT GGATCTCAAC A0CGGTABGA 
3 SI TCCTTGAGAG TTTTCGCCCC GAAGAACGXT .TTCCAATGAT GAGCACTTTT AAAGTTCTGC 
421 TATGTGGCGC GGTATTATCC CGTATTGACG CCGGGCAAGA GCAACTGGGT CGCCGCATAC 
481 ACTATTCTCA GAATGACTTG GTTGAGTACT CACCAGTCAC AGAAAAGCAT CTTACGGATG 
541 GCATGACAGT AAGAGAATTA TGCAGTGCTG CCATAACCAT GAGTGATAAC ACTGCGGCCA 
601 ACTTACTTCT GACAACGATC GGAGGACCGA AGGAGCTAAC CGCtTTTTTG CACAACATGG 
661 GGGATCATGT AACTCGCCTT. GATCGTTGGG AACCGGAGCT GAATGAAGCC ATACCAAACG 
721 ACGAGCGTGA CACCACGATG CCTGTAGGAA TGGCAACAAC GTTGCGCAAA CTATTAACTG 
781 GCGAACTACT TACTCTAGCT TCCCGGCAAC AATTAATAGA CTGGAXGGAG GCGGATAAAG ■ 
841 TTGCAGGACC ACTTCTGCGC TCGGCCCTTC CGGCTGGCTG GTTIATTGCT GATAAATCTG 
901 GAGCICGGTGA GGGTGGGTCT CGCGGTATCA TTGCAGCACT GGGGCCAGAT GGTAAGCCCT 
961 'CCCGTAXCGT AGTTATCTAC ACGACGGGGA GTCAGGCAAC TATGGATGAA CGAAATAGAC 

1021 AGATCGCTGA GATAGGTGCC TCACTGATTA AGCAtTTGQTA ACTGTCAGAC CAAGTTTACT 

10 SI CATATATAGT TTAGATTGAT TTAAAACCTC ATTTTTAATT TAAA&SGATC TAGGTGAAGA 

1141 TCCTtCTTTGA TAATCTCATG * ACCAAAATCC CTTAACGTG& GTTTTCGTTC CACTGAGCGT 

1201 CAG&CCCCGT , AGAAAAGATC AAAGGATCTT CTTGAGATCC TTTTTTTCTG CGCGTAATCT 

1261 ' GCTGCTTGCA AACAAAAAAA CCACCGCTAC CAGCGGTGGT TTGTTTGCCG GATCAAGAGC 

1321 TACCAACTCT TTTTCCGAAG GTAACTGGCT TCAGCAGAGC GCAGATACCA AATACTGTCC 

1381 TTCXAGTGTA GCCGTAGTTA GGCCACCACT TCAAGAACTC TGTAGCACCG CCTACATACC 

1441 TCGCTCTGCT AATCCTGTTA CCAGTGGCTG CTGCCAGTGG CGATAAGTCG TGXCTTACCG ' 

1501 GGTTGGACTC AAGACGATAG TTACCGGAXA AGGCGCAGCG GTCGGGCTGA ACGGGGGGTT - 

1561 CGTGCACACA GCCCAGCTTG GAGCGAACG& CCTACACCGA ACTGAGATAC CTACAGCGTG 

1621 AGCATTGAGA AAGCGCCACG " CTTCCCGAAG GGAGAAAGGC GGACAGGTAT CCGGTAAGCG 

1681 GCAGGGTCGG AACAGGAGAG CGCACGAGGG AGCTTCCAGG GGGAAACGCC TGGTATCTTT 

1741 ATAGTCCTGT CGGGTTTCGC CACCTCTGAC TTGAGCGTCG ATTTTTGTGA TGCTCGTCAG 

1801 GGGGGCGGAG CCTATGGAAA AACGCCAGCA ACGCGGCCTT TTTACGGTTC CTCGCCTTTT 

1861 GCTGGCCTTT TGCTCACATG TTCTTTGCTG CGTTATCCCC TGATTCTGTG GATAACCGTA 

1921" TTACCGCCTT TGAG^GAGCT - GATACCGCTC GCCGCAGCCG AACGACCGAG CGCAGCGAGT 

1981 CAGTGAGCGA GGAAGCGGAA GAGCGCCCAA TACGCAAACC GCCTCTCCCC GCGCGTTGGC 

2041 CGATTCATTA ATGCAGCTGG CACGACAGGT TTCCCGACTG GAAAGCGGGC AGTGAGCGCA 

2101 ACGCAATTAA TGTGAGTTAG CTCACTCATT AGGCACCCCA GGCTTTACAC TTTATGCTTC 

2161 CGGCTCGTAT GTTGTGTGGA ATTGTGAGCG GATAACAATT XCACACAGGA AACAGCTATG 

2221 ACCATGATTA CGCCAAGCTA GTGGACATAA ATCAATACTG GCTATTGGCC ATTGCATACG 

2281 TTGTATCTAT ATCATAATAT GTACATTTAT ATTGGCTCAT GTCCAATATG ACCGCCATGT 

2341 TGACATTGAT TATTGACTAG TTATTAATAG TAATCAATTA CGGGGTGATT AGTTCATAGG 

2401 CCATATATGG AGTTCCGCGT TACATAACTT ACGGTAAATG GCCCGCCTCG TOACCGCCCA 

• 2461 ACGACCCCCG CCCATTGACG TCAATAATGA CGTATGTTCC CATAGTAACG CCAATAGGGA 
2521 . CTTTCCATTG ACGTCAATGG GTGGAGTATT TACGGTAAAC TGCCCACTTG GCAGTACATC 
2581 RAGTGTATCA' TATGCCAAGT CCGGCCCCCT ATTGACGTCA ATGACGGTAA ATGGCCCGCG 
2641 TGGCATTATG CCCAGTACAT GACCTTACGG GACTTTGCTA CTTGGCAGTA CATCTACGTA 
2701 TTAGTCATCG CTAOTACCAT GGTGATGCGG TTTTGGCAGT ACACCAATGG GCGTGGATAG 
2761 CGGTTTGACT CACGGGGATT TCCAAGTCTC CACCCCATTG ACGTCAATGG GAGTOTGCTT 
2821 TCGCAGCAAA ATCAACGGGA CTTTCCAAAA TGTCGTAATA ACCCCGCCCC GTTGACGCAA 
2881 ATGGGCGGTA GGCGTGTACG ■ GTGGGAGGTC TATATAAGCA^ GAGCTCGTTT AGTGAACCGT 

•2941 CAGATCGCCT GGAGACGCCA TCCACGCTGT TTTGACCTCC ATAGAAGACA CCGGGACCGA 

3001 TCCAGCCTGC GGGGCCGGGA ACGGTGCATT GGAACGCGGA TTCCCCGTGC CAAGAGTGAC 

• 3061 GTAAGTACCG CCTATAGACT CTATAGGCAC ACCGCTTTGG CTCTTATGCA TGCTATACTG 
3121 TTTTTGGCTT GGGGCCTATA CACCCCCGCT CCTTATGCTA TAGGTGATGG TATAGCTTAG 
3181 CCTATAGGTG- TOGGTTATTG ACCATTATTG ACCACTCCCC TATTGGTGAC GATOCTTTCC 
3241 ATTACTAATC . CATAAGATGG - CTCTTTGCCA CAACTATCTC TATTGGOTAT ATGCCAATAC 
3301 TCTGTCCTTC AGAGACTGAG ACGGACTCTG TATTTTTACA GGATGGGGTC ' CCATTTATTA 
3361 TTTACAAATT CACATATACA ACAACGCCGT CCCCCGTGCC CGCAGTTTTT ATTAAACATA 
3421 GCGTGGGATC TCCACGCGAA TCXCG03TAC GTGTTCCGGA CATGGGCTCT TCTCCGGTAG 
3481 CGGCGGAGCT TCCACATGCG AGCCCTGGTC CCATGCCTCC AGCGGCTCAT GGTCGCTCGG 
3541 CAGCTCCTTG CTCCTAACAG TGGAGGCCAG ACTTAGGCAC AGCACAATGC CCACCACCAC 
3601 CAGTGTGCCG CACAAGGC'CG" TGGCGGTAGG GTATGTGTCT GAAAATGAGC TCGGAGATTG 
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3 661 GGCTCGCACC GtJBBcaGA TGGAAGACTT AAGGCAGCG!r ~&BI3&!S^^ 

3721 TGAGTTGTTG TATTCTGATA AGAGTCAGAG GTAACTCCCG TTGCGGTGCT GTTAACGGTG 

3781 GAGGGCAGTG TAOTCTG&GC AG^ACTCGTT GCXGCCGCGC GCGCCACCAG ACATAATAGC 

3341 TGACAGACTA ACAGAC1GTT CCTTTCCATG GGTCTTOTCT GCAGTCACCG TCCAAGGUTG 

3501 CAATCATGGA TGC&ATG&AG AGAGGGCTCT GCTGTGTGCT GCTGCTGTGT GGAGCAGTCT 

3961 TCGTTTCGGC XAGCACACCT CAAAATATTA CTGATTTGTG TGCAGSATAC CACAACACAC 

4021 MATATATAC GCTAAATGAT AAGAIATTTT. CGTATACAGA AOTCTAGCT...GGAAA&AGAG 

4081 AGATGGCTAT CATTACTTTT AAGAATGGTG CAATTTTTCA AGTAGAAGTA CCAGGTAGTC 

4141 AACATATAGA TTCACAAAAA AAAGCGATTG A&AGGATGAA GGATACCCTG AGGATTGCAT 

4201 ATCTTACTGA AGCTAAAGTC GAAAAGTTAT GTGTATGGAA TAATAA&ACG CCTCATGCGA 

4261 TTGCCGCAAT TAGTATGGCA AATTAAGGAT CCTCGCAATC CCTAGGAGGA TTAGGCAAGG 

4321 GCTTGAGCTC ACGCTCTTGT GAGGGACAGA AATACAATCA GGGGCAGTAT ATGAATACTC 

4381 CATGGAGAAA CCCAGATCTA CGTATGATCA GCCTCGACTG TGCCTTCTAG TTGCCAGCCA 

4441 TCTGTTGTTT GCGCCTCCCC CGTGCCTTCG TTGACCCTGG AAGGTCCCAC TCCCACTGTC 

4501 CTTTCCTAAT AAAATGAGGA AATTGCATCG CATTGTCTGA GTAGGTGTCA TTCTATTCTG 

4561 GGGGGTGGGG TGGGGCAGGA CAGCAAGGGG GAGGATTGGG AAGACAATAG CAGGCATGCT 

4621 GGGGATGCGG TGGGCTCTAT GGCTTCTGAG GCGGAAZVGAA CCAGCTGGGG CTCGACAGCT 

4681„ CGACTCTAGA ATTCACTGG'C CGTCGTTTTA C&ACGTCGTG ACTGGGMAA CCCTGGCGTT: 

4741 ACCCAACTTA ATCGCCTTGC AGCACATCCC CCTTTCGCCA GCTGGCGTAA TAGCGAAGAG. 

4801 GCCCGCACCG ATCGCCCTTC CCAACAGTTG CGCAGCCTGA ATG0CGAATG GCGCCTGATG 

4861 CGGTATTTTC TCCTTACGCA TCTGTGCGGT ATTTCACACC GCATATGGTG CACTCTCAGT 

4921 ACAATCTGCT CTGATGCCGC ATAGTTAAGC CAGCCCCGAC ACCCGCCAAC ACCCGCTGAC 

4981 GCGCCCTOA.C GGGCTTGTCT GCTCCCGGCA TCCGCTTACA GACAAGCTGT GACCGTCTCC 

5041 GGGAGCTGCA TGTGTCAGAG GTTTTCAGCG TCATCACCGA &ACGCGCGA 
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1 GACGAAAGOG CCTCGTGAXA CGCCTAXTTT XAXAGGTXAA TGTCATGATA ATAATGGTTT 

61 CTTAGACGTC AGGTGGCACT TTTCGGGGAA ATGXGCGCGG AACCCCTAXT TGTTTATTTT 

121 TCTAAAXACA XTCAAATATG TATCCGCTCA XGAGACAAXA ACCCXGAXAA ATGCTTCAAT 

131 AATATTGAAA AAGGAAGAGT. ATGAGTAXTC AACAXTTCCG TGTCGCCCTT ATTCCCTTTT 

* 241 TTGCGGCATT TTGCCTTCCT GTTTTTGCXC ' ACCCAGAAAC GCTGGTGAAA GTAAAAGATG 

301 CTGAAGAXCA GTXGGGTGCA CGAGXGGGTT ACATCGAACX GGATCTCAAC AGCGGTAAGA 

351 TCCXXGAGAG XXTXCGCCCC GAAGAACGXT XXCCAATGAT GAGCACTXTT AAAGXTCXGC 

421 XAXGXGGCGC GGTATXATCC CGTATTGACG CCGGGCAAGA GCAACTCGGT CGCCGCATAC 

481 ACTATTCXCA GAATGACTTG GTTGAGTACX CACCAGTCAC AGAAAAGCAT CTTACGGATG 

541 GCATGACAGT AAGAGAATTA TGCAGTGCTG CCATAACCAX GAGTGATAAC AGTGCGGCCA 

601 ACTTACTTCT GACAACGATC GGAGGACCGA AGGAGCTAAC CGCTTTTTTG CACAACATGG 

661 GGGATCATGT AACTCGCGTT GATCGTTGGG AACCGGAGCT GAAXGAAGCC ATACCAAAGG 
721 ■ ACGAGCGXGA CACCACGATG CCTGTAGCAA TGGCAACAAC GTXGCGCAAA CTATTAACTG 

781 GCGAACTACT TACTCTAGCT TCCCGGCAAC AATTAATAGA CTGGATGGAG GCGGATAAAG 

841 XXGCAGGACC ACTTCXGCGC TCGGCCCTTC CGGCTGGCTG GTXTATXGCX GATAAAXCTG 

901 . GAGCCGGTGA GCGTGGGTCT CGCGGXAXCA TTGCAGCACT GGGGCCAGAT GGXAAGCCCT 

961 ' CCCGTATCGT- AGXTATCTAC ACGACGGGGA GXCAGGCAAC XATGGATGAA CGAAAXAGAC 

1021 AGAXCGCTGA GAXAGGXGCC TCACXGA.TXA AGCATTGGTA ACXGTCAGAC. CAAGTTTACT 

1081 CATATATACT TTAGAXXGAX TTAAAACTTC ATTTTTAATT TAAAAGGATC TAGGTGAAGA 

1141 TCCTTTTTGA XAATGTCATG ACCAAAATCC CXXAACGXGA ' GTTTTCGTTC CACTGAGCGX 

1201 CAGACCCCGT AGAAAAGAXC 'AAAGGATCXT CTTGAGATCC XTTIXtfXCTG CGCGTAATCT 

1261 GCTGCTTGCA AACAAAAAAA . CCACCGCTAC CAGCGGTGGT XTGXXTGCCG GATCAAGAGC 

1321 TACCAACTCT TTTTCCGAAG GTAACXGGCT TCAGCAGAGC GCAGATACCA AAXACXGTCC 

1381 TTCTAGTGTA GCCGXAGTXA GGCCACCACT TCAAGAACTC XGXAGCACCG CGTACATACC 

1441 TCGCTCTGCT AATCCTGTTA CCAGTGGCTG CXGCCAGXGG CGATAAGTCG TGTCTTACCG 

1501 GGTTGGACTC AAGAGGATAG ' TXACCGGATA AGGCGCAGCG GTCGGGGTGA ACGGGGGGTT 

1561 CGTGCACACA GCCCAGCTTG GAGCGAACGA CCTACACCGA ACTGAGATAC CTACAGCGTG 

1621 AGCATTGAGA AAGCGCCACG CXXCCCGAAG GGAGAAAGGC GGACAGGXAX CCGGTAAGCG 

1681 GCAGGGTCGG AACAGGAGAG CGCACGAGGG AGCTXCCAGG GGGAAACGCC TGGXATCXXX 

1741 ATAGTCCXGT CGGGXTTCGC CACCTCXGAC XXGAGCGXCG ATXXTTGXGA TGCXCGXCAG 

1801 GGGGGCGGAG CCTATGGAAA AACGCCAGCA ACGCGGCCTT TTTACGGTTC CTGGCCXTTX 

1861 GCTGGCCTTT TGCXCACAXG TTCTTTCCXG CGTXAXCCCC TGATTCTGTG GAXAACCGXA 

1921 XTACCGCCTT XGAGTGAGCT ■ GATACCGCXC ' GCCGCAGCCG AACGACCGAG CGCAGCGAGT 

1981 CAGTGAGCGA GGAAGCGGAA GAGCGCCCAA TACGCAAACC GCCTCTCGGC GCGCGTTGGC 

2041 CGATTCATXA AXGCAGCTGG CACGACAGGT TTCCCGACTG GAAAGCGGGC AGTGAGCGCA 

2101 ACGCAATTAA TGXGAGTTAG CXCACXCATT AGGCACCCCA GGCXXXACAC XXTAXGCTTC 

2161 CGGCXCGXAT GTTGTGTGGA AXTGXGAGCG GATAACAATT XCACACAGGA AACAGCTATG 

2221 ACCATGATTA CGCCAAGCTA GTCGACATAA AXCAATATXG GCTATTGGCC ATXGCAXACG 

2281 XTGTAXCTAT ATCATAAXAX GTACATTTAT AXXGGCXCAX GTCCAATATG ACCGCCATGX 

2341 TGACATTGAT TATTGACXAG XTAXTAATAG -XAAXCAATXA CGGGGXCAXX AGTTCATAGC 

2401 CCATATAXGG AGXXCCGCGT XACAXAACTT ACGGXAAAXG GCCCGCCXCG XGACCGCCCA 

246X ACGAGCCCCG CCCATTGACG XCAATAAXGA CGTATGXXCC CATAGXAACG CCAAXAGGGA 

2521' CTTTCCATTG ACGXCAATGG GTGGAiGXAXT TACGGXAAAC TGCCCACXXG GCAGXACATC 

2531 AAGTGXATCA TAXGCCAAGX 'CCGGCCCCCX ATXGACGTCA ATGACGGXAA ATGGCCCGCC 

2641 TGGCAXXAXG CCCAGXACAX GACCXTACGG GACTTTCCTA CXXGGCAGTA CAXCTACGTA 

2701 XXAGXCAXCG CXAXTACCAT GGXGATGCGG XXTXGGCAGX ACACG&AXGG GCGTGGATAG- 

2761 CGGTTTGACT CACGGGGATT TCCAAGXCTC CACCCCATTG ACGXCAAXGG. GAGTXXGXXT 

2821 XGGCACCAAA AXCAACGGGA CTXT.CCAAAA XGXCGXAAXA - ACCCCGCCCC GXXGACGCAA 

2881 ATGGGCGGXA GGCGTGTACG . GXGGGAGGTC TATAXAAGCA GAGCXCGXTX AGXGAACCGX 
2941 • CAGAXCGCCT GGAGACGCCA XCCACGCTGT XTTGACCXCC AXAGAAGACA CCGGGACCGA 

3001 TCCAGCCXCC GCGGCCGGGA ACGGTGCATT GGAACGCGGA XXCCCCGXGC CAAGAGXGAC 

3061 GXAAGXACCG CCXATAGACT CXAXAGGCAC ACCCCTTXGG CXCXTAXGCA TGCXAXACXG 

3121 XXXXXGGCXX GGGGCCXATA CACGCCCGCT CCTXATGCXA TAGGTGATGG TATAGCTTAG 

3181 CCXAXAGGXG TGGGXXAXXG ACCATTATTG ACCACTCCCC TAXXGGTGAC GATACXTTCC 

3241 ATXACTAAXC CAXAACAXGG CTCTTTGGCA CAACXATCXC TAXTGGCXAX ATGCCAAXAC 

3301 TCTOTCCTTC AGAGACTGAC ACGGACXCTG TAXTTTTACA GGATGGGGTC CGAXXXATTA 

3361 TTTACAAAXX CACAXAXACA ACAACGCCGT CCCCCGXGCC CGGAGOTXTT AXTAAACAXA 

3-421 GCGTGGGAXC TCCACGCGAA TCXCGGGTAC GXGTTCCGGA GATGGGCTCT XCXCCGGXAG 

3481 CGGGGGAGCT TCCACAXCCG AGCCCTGGTC CCAXGCCTCC AGCGGCTCAX GGXCGCXCGG 

3541 CAGCXCCXTG CTGCTAACAG XQGAGGCCAG ACXXAGGCAC AGCACAAXGC CCACCACCAC 

3601 CAGXGXGCCG CACAAGGCCG TGGCGGTAGG GTATGXGXCT GAAAAXGAGC TCGGAGATTG 
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3 SSI GGCTCGCACC GTGl &GA TGGAAGACTT AAGGCAGCG^^f^^^ gf3?§ 
3721 ~" 



TGAGTTGTTG TATTCTGATA AGAGTCAGAG GTAACTCCCG Tdfed^T&C'.. ^!m&CGG* 

3781 GAGGGCAGTG TAGTCTGAGC AGTACTCGTT GCTGCCGCGC GCGCCACCAG ACATA^TAGC 

3841 TGACAGACTA ACAGACTGTT CCTTTCCATG GGTCTTTTCT GCAGTCACCG TCCMGCTTG 

3901 CAATCATGGA TGCfiATGAAG AGAGGGCTCT GCTGTGTGCT GCTGCTGTGT GGAGCAGTCT 

3961 TCGTTTCGGG TAGCftATGAT GATAAGTTAT ATCGGGCAGA TTCTAGACCT CCTGATGAAA 

4021 TAAAGCAGTC AGGTGGTCTT ATGCCAAGAG GACAGAGTGA GTACTTTGAC CGAGGTACTC 

4081 AAATGAATAT CAACCTTTAT GATCATGCAA "GAGG^AdT^ GACGGGATTT GTTAGGCACG 

4X41 ATGATGGATA TGTTTCCACC TCAATTAGTT TGAGAAGTGC CCACTTAGTG GGTCAAACTA 

4201 TATTGTCTGG TCATTCTACT TATTATAXAT ATGTTATAGC CAGTGCACCC AACATGTTTA 

4261 AGGTTAATGA TGTATTAGGG GCATACAGTC CTCATCCMA TGAACAAGAA GTTTCFGCTT 

4321 mGGTGGGAT TCCATACXCC CA&ATATATG GATGGTATCG AGTTCATTTT GGGGTGCTTG 

4381 AXGAACAATT ACAXCGTAAT AGGGGCTACA GAGATAGATA TTACAGTAAC TTAGATATTG 

4441 CTCCAGCAGC AGATGGTTAT GGAXXGGCAG GTTTCCCTCC GGAGCATAGA GCTTGGAGGG 

4501 AAG&GCCGTG GATTCATCAT GCACCGCCGG GTTGTGGGAA XGCTCCAAGA TCATCGATGA 

4561 GTAATACTTG CGATGAAMA ACCCAAAGTC TAGGTGTAAA AXTCCTTGAC GAATACCAAT 

4621 CTAA&GTXA& AAGACAAATA TTTTCAGGCT ATCAATCTGA TATTGATACA CATAATAGAA 

463X TTTGAGGATC CTCGCAATCC CTAGGAGGAT TAGGC&AGGG CTTGAGCTGA CGCXCTTGTG 

4741 AGGGACAGAA ATACAATCAG GGGCAGTATA TGAATACTCC ATGGAGAAAC CCAGATCTAC 

4BG1 GTATGATCAG CCTCGACTGT GCCTTCTAGT TGCCAGCCAT CXGXTGTTTG CCCCTCCCCC 

4861 GXGCCTTCCT TGACCCTGGA AGGTGCCACT CCCACTGTCC TXTCCTAATA AAATGAGGAA 

4921 ATTGCATCGC ATTGTCTGAG TAGGXGTCAT TCTATTCTGG GGGGTGGGGX GGGGCAGGAC 

4SS1 AGCAAGGGGG AGGATTGGGA AGACAATAGC AGGCATGCTG GGGATGCGGT GGGCTCTATG 

5041 GCTTCTGAGG CGGAAAGAAC CAGCTGGGGC TCGACAGCXC GACTCTAGAA TTCACTGGCC 

5101 GTCGTTTTAC AACGTCGTGA CTGGGMAAC CCTGGCGTXA CCCAACTTAA TCGCCTTGCA 

5161 GCACATCCCC CTTTCGCCAG CTGGCGTAA.T AGCGAAGAGG CCCGCACCGA XCGCCCTTCC 

5221 CAACAGTTGC GCAGCCTGAA TGGCGAATGG CGCCTGATGC GGTAXTXTCT CCTTACGCAi; 

5281 CTGTGCGGTA TXXCACACCG CATATGGXGC ACTCXCAGXA CAATCTGCTC XGATGCCGCA 

5341 TAGTTAAGCC AGCCCCGACA CCCGCCAACA CCCGCTGA.CG CGCCCTGACG GGCTTGTCTG 

5401 CTCCCGGCAT CCGCTTACAG ACA&GCTGTG ACCGTCXCCG GGAGCTGCAT GTCTCAGAGG 

54S1 TXXTCACCGX CATCACCGAA ACGCGCGA 
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1 GACGft&AGGG CCTCGTGATA CGCCTATXTT XAXAGGXTAA TGTCATGATA ATRATGGTTX 

61 CTTAGACGTC AGGTGGCACT TTTCGGGGAA ATGTCCGCGG AACCCCTATT TGTTTATTXT 

12 X TCTAAATACA TTCAAATATG TATCCGCTCA TGAGACAATA ACCCTGATAA ATGCTTCAAT 

181 AATAXTGAAA AAGGAAGAGT ATGAGTATTC AACATXTCCG TGTCGCCCTT ATTCCCTTTT 

241 TTGCGGCATT TTGCCTTCCT GTTTTTGCTC ACCCAGAAAC GCTGGTGAAA GTAAAAGATG 

301 CTGAAGATCA GTXGGGTGCA CGAGTGGGTT ACATCGAACT GGATCTCAAC AGCGGTAAGA 

3 61 TCCTTGAGAG" XTTTCGCCCC GAAGAACGTT TTCCAATGAX GAGCACTTTT AAAGTTCTGC 

421 TATGTGGCGC GGTATTATCC CGTATTGACG CCGGGCAAGA GCAACTCGGT CGCCGCATAC 

481 ACTATTCXCA GAATGACTTG GTTGAGTACT CACCAGTCAC AGAAAAGCAT CTTACGGATG 

541 GCAXGACAGT AAGAGAATXA TGCAGTGCTG CCATAACCAT GAGTGATAAC ACTGCGGCCA 

601 ACTTACTTCT GACAACGATC GGAGGACCGA AGGAGCTAAC CGCTTTTTTG CACAACATGG 

661 GGGATCATGT AACTCGCCTT GATCGTTGGG AACCGGAGCT GAATGAAGCC ATACCAAACG 

721 ACGAGCGTGA CACCACGATG CCTGTAGCAA TGGCAACAAC GTTGCGCAAA CTATTAACTG 

781 GCGAACTACX TACTCTAGCT XCCCGGCAAC AATTAATAGA CTGGATGGAG GCGGATAAAG 

841 TTGCAGGACC ACTXCTGCGC TCGGCCCTTC CGGCTGGCTG GTTTATTGCT GATAAATCTG 

901 GAGCCGGTGA GCGTGGGTCT CGCGGTATCA TTGCAGCACT GGGGCCAGAT GGTAAGCCCT 

961 C.CCGTATCGX AGTTATCTAC ACGACGGGGA GTCAGGCAAC TATGGATGAA CGAAATAGAC 

1021 AGATCGCTGA GATAGGTGCC TCACTGATTA AGCATTGGTA AOTGTCAGAC CAAGTTTACT 

1081 CATATATACT TTAGAXXGAT TTAAAACTXC ATTTTTAAXT TAAAAGGATC TAGGTGAAGA 

1141 - TCCTTTTTGA TAATCTCATG ACCAAAATCC -CT^AACGTGA. GTTTTCGTTC CACTGAGCGT 

1201 CAGACCCCGT AGAAAA&ATC AAAGGAXCTT CTTGAGATCC TTTTXTTCTG CGCGTAATCT 

1261 GCTGCTTGCA AACAA&AA&A CCACCGCTAC CAGCGGTGGT TTGTTTGCCG GATCAAGAGC 

1321 TACCAACTCT TXTTCCGAAG GTAACTGGCT XCAGCAGAGC GCAGATACCA AATACTGTCC 

1381 TTCTAGTGTA GCCGTAGTTA GGCCACCACT TCAAGAACTC TGTAGCACCG CCTACATACC 

1441 TCGCTCTGCT AATCCTGTTA CCAGXGGCTG CTGCCAGXGG CGATAAGXCG XGTCTTACCG 

1501 GGTTGGACTC AAGACGATAG TTACCGGATA AGGCGCAGCG GTCGGGCTGA ACGGGGGGTT 

1561 CGTGCACACA GGCCAGCTTG GAGCGAACGA CCXACACCGA ACTGAGATAC CTACAGCGTG 

1621 AGCATTGAGA AAGCGCCACG CTXCCCGAAG GGAGAAAGGC GGACAGGTAT CCGGTAAGCG 

1681 GCAGGGTCGG AACAGGAGAG CGCACGAGGG AGCTTCCAGG GGGAAACGCC TGGTATOTXT 

1741 ATAGTCCTGT CGGGTTTCGC CACCTCTGAC TTGAGCGTCG ATTTTTGTGA TGGTCGTCAG 

1801 GGGGGCGGAG CCTATGGAAA AACGCCAGCA ACGCGGCCTT TTTACGGTTC CTGGCCTTTT 

1861 GCTGGCCTTT TGCTCACATG TTCXTTCCTG CGTTATCCCC TGATTCTGTG GATAACCGTA 

1921 TTACCGCCTT TGAGXGAGCT GATACCGCTC GCCGCAGCCG AACGACCGAG CGCAGCGAGT 

1981 CAGTGAGCGA GGAAGCGGAA GAGCGCCCAA TACGCAAACC GCCTCTCCCC GCGGGTTGGC 

2041 CGATTCATTA ATGCAGCTGG CACGACAGGT TTCCCGACTG GAAAGCGGGC AGTGAGCGCA 

2101 ACGCAATTAA TGTGAGTTAG CTCACTCATT AGGCACCCCA GGCTTTACAC TTTATGCTXC 

2161 CGGCTCGTAT GTXGTGXGGA ATTGTGAGCG GATAACAATT TCACACAGGA AACAGCTATG 

2221 ACCATGATTA CGCCAAGCTA GXCGACATAA ATCAAXATTG GCTATTGGCC ATTGCATACG 

2281 TTGTATCTAT ATCATAAXAT GTACATTTAT ATTGGCTCAT GTCCAATATG ACCGCCATGT 

2341 TGACATTGAT TATTGACTAG TTATTAATAG TAATCAATTA CGGGGTCATT AGTTCATAGC 

2401 CCATATATGG AGTTCCGCGT TACATAACTT ACGGTAAATG GCCCGCCTCG TGACCGCCCA 

2461 ACGACCCCCG CCCATTGACG TCAATAATGA CGTATGTTCC CAXAGTAACG CCAATAGGGA 

2521 CTTTCCATTG ACGTCAATGG GTGGAGTATT XACGGXAAAC TGCCCACTTG GCAGTACATC 

2581 AAGTGTATCA TATGCCAAGT CCGGCCCCCT ATTGACGTCA ATGACGGTAA ATGGCCCGCC 

2641 TGGCATTAXG CCCAGTACAT GACCTTACGG GACTTTCCTA CXXGGCAGTA CAtCTACGTA 

2701 TXAGTCATCG CTATTACCAT GGTGATGCGG TTTTGGCAGT ACACCAATGG GCGXGGATAG 

2761 CGGTTTGACT CACGGGGATT TCCAAGTCTC CACCCCATTG ACGTCAATGG GAGTTTGTTT 

2821 TGGCACCAAA ATCAACGGGA CTTTCCAAAA TGTCGTAATA ACCCCGCCCC GTTGACGCAA 

2881 ATGGGCGGTA GGCGXGTACG GTGGGAGGTC TATATAAGCA GAGCTCGTTT AGTGAACCGT 
2941 CAGATCGCCT GGAGACGCCA TCCACGCTGT TTTGACCTCC ATAGAAGACA CCGGGACCGA 
3001 TCCAGCCTCC GCGGCCGGGA ACGGTGCATX GGAACGCGGA TTCCCCGTGC CAAGAGTGAC 
3061 GTA&GTACCG CCTATAGACT CTAXAGGCAC ACCCCTTTGG CTCTTATGCA TGCTATACTG 
3121 TTTTTGGCTT GGGGCCTATA CACCCCCGCT CCTTATGCTA TAGGTGATGG TATAGCTTAG 
3181 CCTATAGGTG TGGGTTATXG ACCATTATTG ACCACTCCCC TATTGGXGAC GATACTTTCC 
3241 ATTACTAATC CATAACATGG CTCTTTGCCA CAACTATCTC TATTGGCTAX ATGCCAATAC 
3301 TCTGTCCTTC AGAGACTGAC ACGGACTCTG TATXTTTACA GGATGGGGTC CCATTTATTA 
3361 TTTACAAATT CACAXATACA ACAACGCCGT CCCCCGXGCC CGCAGTXTTX ATXAAACATA 
3421 GCGTGGGATC TCCACGCGAA TCTCGGGXAC GXGXTCCGGA CATGGGCTCX XCTCCGGXAG 
3481 CGGCGGAGCT TCCACATCCG AGCCCTGGTC CCATGCCTCC AGCGGCTCAT GGTCGCXCGG 
3541 CAGCTCCTTG CXCCTAACAG TGGAGGCCAG ACTTAGGCAC AGCACAATGC CCACCACCAC 
3601 CAGTGTGCCG CACAAGGCCG TGGCGGTAGG GTAXGTGTCX GAAAAXGAGC TCGGAGAXXG 
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3 661 GGCTCGOACC GTG&&5CAGA TGGAAGACTT AAGGCAGCG(T dk^GI^f^W^^C^C '* 

3721 TGAGTTGTTG TATTCTGATA AGAGTCAGAG GTAACTCCCG TTGCGGTGCT GtTAACGGTG 

3781 GAGGGCAGTG TAGTCTGAGC AGXACTCGTT GCTGCCGCGC GCGCCACCAG ACMAATAGC 

3S41 TGACAGACTA ACAGACTGTT CCTTTCCATG GGTCTTTTCT GCAGTCACCG TCCAAGCTTG 

3901 CAATCATGGA TGCAATGAAG AGAGGGCTCT GCTGTGTGCT GCTGCTGTG? GGAGCAGTCT 

3961 TCGTTTCGGC TAGCAATGGC GACMATTAT ACCGTGCTGA CTCTAGACCC CCAGATGftAA 

4021 TAAAACGTIC CGGAGGTCTT ATGCCCAGAS GGCATAATGA GTACTTCGAT AGAGGAACTC 

4081 A&ATGAATAT TAATCTTTAT GATCACGCGA GAGGAACACA AACCGGCTTT GTCAGATATG 

4141 ATGACGGATA TGTTTCCACT TCTCTTAGT? TGAGAAGTGC TGACTTAGCA GGACAGTCTA 

4201 TATTATCAGG ATATTCCACT TACTATATAT ATCTTATAGC GACAGCACCA AATATGTXTA 

4261 ATGTTAATGA TGTATTAGGC GTATACAGCC CTCACCCATA TGAAGAGGAG GTTTCTGCGT 

4321 TAGGTGGAAT ACCATATTCT. CAGA2ATATG GATGGTATCG TGtXAATTTT GGTGTGATTG 

4381 ATGAACGATT ACATCGTAAC AGGGAATATA GAGAGCGGTA TTACAGAAAT CTGAATATAG 

4441 CTCCGGCAGA GGATGGTTAC AGATTAGCAG GTTTCCCACC GGATCACCAA GCT3TGGAGAG 

4501 AAGAACCCTG GATTCATCAT GCACCACAAG .GTTGTGGAAA TTCATC&AG& ACAATTACAG 

4551 GTGMACTTG TAATGAGGAG ACCCAGAATC TGAGCACAAT ATATCTCAGG AAATATCAAT 

4621 CAAAAGTTAA GAGGCAGATA TTTTCAGACT ATCAGTCAGA GGTTGACATA TATAACAGAA 

4681 TTCGGGATGA ATTATGAGGA TCCTCGCAAT CCCTAGGAGG ATTAGGCAAG GGCTTOAGCT 

4741 CACGCTCTTG TGAGGGACAG AAATACAATC AGGGGCAGTA TATGAATACT CCATGGAQAA 

4801 ACCCAGATCT ACGTATGATC AGCCTCGACT GTGCCCTCTA GTTGCCAGCC ATCTGTTGTT 

4861 TGCCCCTCCC CCGTGCCTTC CTTGAGCCTG GAAGGTGCCA CTCCCACTGX CCTTTCGTAA 

4521 TAAAATGAGG AAATTGCATC GCATTGTCTG AGTAGGTGTC ATTCTATTCT GGGGGGTGGG 

4981 GTGGGGCAGG ACAGCAAGGG GGAGGATTGG GAAGACAATA GCAGGCATGC fGGGGATGCG. 

5041 GTGGGCTCTA TGGCTTCTGA GGCGGAA&GA ACCAGCTGGG GGTCGACAGC TCGACTCTAG 

5101 AATTCACTGG CCGTGGTTTT ACAACGTCGT GAGTGGGAAA ACCCTGGCGT TACCCAACTT. . 

5161 AATCGCCTTG CAGCACATCC CCCTTTCGCC AGCTGGCGTA ATAGCGAAGA GGCCCGCACC 

5221 GATCGCCCTT CCCAACAGTT GCGGAGCCTG AATGGCGAAT GGCGCCTGAT GCGGTAXTTT 

5281 CTCCTTACGC ATCTGTGGGG TATTTCAC&C CGCATATGGT GCACTCTGAG TACAATCTGC 

$341 TCTGATGCCG CATAGTTAAG CC&GCCCCG& CACCCGCCA& CACCCGCTGA CGCGCCCTGA 

5401 CGGGCTTGTC TGCTCCCGGC ATCCGCTTAC AGACAAGCTG TGACCGTCTC CGGGAGCTGC 

5461 ATGTGTCAGA GGTTTTCACC GTCATCACCG AAACGCGCGA 
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1 • GACGAAAGGG CCTCGTGATA CGCCTATTTT T&TAGGTZ&k TGTCATGAX&. ATAATGGTTT 

61 CTTAGACGTC AGGTGGCACT TTTCGGGGAA ATGTGCGCGG AACCCCTATT TGTTTAXTTT 

121 TCTAAAIACA TTCAAATATG TATGCGCTCA TGAGAC&ATA ACCCTGATAA ATGCTTCAAT 

181 AATATTGAAA AAGGAAGAGT ATGAGTATTC AACATTTCCG TGTCGCCCTT ATTCCCTTTt 

241 TTGCGGCATT TTGCCTTCCT GTTTTTGCTC ACCCAGAAAC GCTGGTGAflA G2AAAAGATG 

301 CTGAAGATCA GTTGGGTGCA CGAGTGCGTT ACATCGAACT GGATCTCAAC AGCGGTAAGA 

361 TCCTTG&GAG TTTTCGCCCC GAAGAACGTT T1CCAATGAT. GAGCACTTTT AkAGlTGTGC 

'421 TATCXGGCGC GGTATTATCC CGTATTGACG CCGGGCAAGA GCAACTCGGT CGCCGCATAC 

431 ACTATTCTCA GAATGACTTG GTTGAGTACT CACCAGTCAC AGAAAAGCAT CTTACGGATG 

541 GCATGACAGT AAGAGAATTA TGCAGTGCTG CCATAACCAT GAGTGATAAC ACTGCGGCCA 

601 ACTTACTTCT GAC&ACGATC GGAGGACCGA AGGAGCTAAC CGCTTTTTTG C&CftACATGG 

661 GGGATCATGT A&CTCGCCTT GATCGTTGGG AAGCGGAGCT GAATGAAGGC ATACC&AACG 

721 AGGAGCGTGA CACCACGATG CCTGTAGCAA TGGCAACA&C GTTGCGCA&A GTATTAACTG 

781 GCGAACTACT TACTCTAGCT TCCCGGCAAC AATTAATAGA CTGGATGGAG GCGGATAAAG 

841 TTGCAGGACC ACTTCTGCGC TCGGCCCTTC CGGCTGGCTG GTTTATTGCT GATAAATCTG 

901 GAGCCGGTGA GCGTGGGTCT CGCGGTATCA TTGCAGCACT GGGGCCAGAT GGTAAGCCCT 

961 CCCGTA?CGT AGTTATCTAC ACGACGGGGA GTCAGGC&AC TATGGATGAA CGASATAGAC 

1021 AGATCGCTGA GATAGGTGCC TCACTGATTA AGCATTGGTA ACIGTCAGAC CAAGXTTACT 

1081 CATATATACT TTAGATTGAT TTAAAACTTG ATTTTTAATT TAAAAGGATC TAGGTG&AGA 

1141 TCCTTTTTGA TAATCTCATG ACCAAAMCC CTTAACGTGA G1H!TTCGTT£' CACTGAGCGT 

1201 CAGACCCCGT AGAAAAGATG AAAGGATCTT CTTGAGATCC TTTTTTTCTG CGCGTAATCT 

1261 GCTGCTTGCA AACAAAAA&A CCACCGCTAC CAGCGGTGGT TTGTTTGCCG GATCAAGAGC 

1321 TACCAACTCT TTTTCCGAAG GTAACTGGCT TCAGCAGAGC GCAGATACCA AATACTGTCC 

13 81 TTCTAGTOTA GCCGTAGTTA GGCCACCACT TCAAGAACTC TGTAGCACCG CCTACATACC 

1441 TCGCTCTGC'T AATCCTGTIA CCAGTGGCTG CTGCCAGTGG CGATAAGTCG TGTCTTACCG 

IS 01 GGTTGGACTC AAGACGATAG TTACCGGATA AGGCGCAGCG GTCGGGCTGA ACGGGGGGTT 

15 SI CGTGCACACA GCCCAGCTTG GAGCGAACGA CCTACACCGA ACTGAGATAC CTACAGCGTG 

1621 ■ AGCATTGAGA AAGCGCCACG CTTCCCGAAG GGAGAAAGGC GGACAGGTAT CCGGtfAAGCG 

1681 GCAGGGTGGG AACAGGAGAG CGCACGAGGG AGCTTCC&GG GGGAAACGCC TGGTATCTTT 

1741 ATAGTCCTGT CGGGtTTCGC CACCTCTG&C TTGAGCGTCG ATTTTTGTGA TOCTCGTCAG 

1801 GGGGGCGGAG CCTATGGAAA AACGCCAGCA ACGCGGCGTT TTTACGGTTC CTGGCCTTTT 

1861 GCTGGCCTTT TGCTCACATG TTCTTTCCTG CGTTATCCCC TGATTCTG*£G GATAACCGEA 

1921 TTACCGCCTT TGAGTGAGCT GATACCGCTC GCCGCAGCCG AACGACCGAG CGCAGCGAGT 

1981 CAGTGAGCGA GGAAGCGGAA. GAGCGCCCAA TACGCAAACC GCCTCTCGCC GCGCG1TGGC 

2041 CGATTCATTA ATGCAGCTGG CACGACAGGT TTCCCGACTG GAAAGCGGGC AGTGAGCGCA 

2101 ACGCAATTAA TGTGAGTTAG CTCACTCAUT AGGCACCCCA GGGTTTACAC TTTATGCTTC 
2161 CGGCTCGTAT GTTGTGTGGA ATTGTGAGCG GATAACAATT TCACACAGGA AACAGCTATG 

2221 ACCATGATTA CGCCAAGCTA GTCGACATAA ATC&ATATTG GCTATTGGCC ATTGCATACG 
2281 TTGTATCTAT ATCATAATAT GTACATTTAT ATTGGCTCAT GTCCAATATG ACCGCCATGT 
2341 TGACATTGAT TATTGACTAG TTATTAATAG TAATCAATTA CGGGGTCATT AGTTCATAGC 
2401 CCATATATGG AGTTCCGCGT TACATAACTT ACGGTA&ATG GCCCGCCTCG" TGACCGCCCA 
2461 ACGACCCCCG CCCATTGACG TCAATAAXGA CGXATGTTCC CATAGTAACG CCAATAGGGA 
2521 CTTTCCATTG ACGTCAATG& GTGGAGTACT TACGGTA&AC TGCCCACTTG GCAGTACATC 
2581 AAGTGTATCA TATGCCAAGT CGGGCCCCCT AITGACGTCA ATGACGGTAA ATGGCCCGCC 
2641 TGGCATTATG CCCAGTACAT GACCXTACGG GACTTTCCTA CTTGGCAGTA CAXCTACGTA 
2701 TTAGTCATCG CTATTAGCAT GGTGATGCGG TTTTGGCAGT ACACCAATGG GCGTGGATAG 
2761 CGGTTTGACT CACGGGGATT TCCAAGXCTC CACCCGATTQ ACGTCAATGG GAGTTTGTOT 
2821 TGGCACCAftA ATCAACGGGA CTTTCCAAAA TGTCGTAATA ACCCCGCCCC GTTGACGC&A 
2881 ATGGGGGGTA GGCGTGTACG GTGGGAGGTG TATATAAGCA GAGCTCGTTT AGTGAACCGT 
2941 CAGATCGCCT GGAGACGCCA TCCACGCTGT TTTGACCTCC ATAGAAGACA CCGGGACCGA 
3001- TCCAGCCTCC GGGGCCGGGA ACGGTGCATT GGAACGCGGA TTCCCCGTGC CAAGAGTGAC 
3061 GTAAGTACCG CCTATAGACT CTATAGGCAC ACCCCTTTGG CTCTTATGCA TGCTATACTG 
3121 TTTTTCGCTT GGGGCCTAXA CACCCCCGCT CCTTATGCTA TAGGTGATGG TATAGCTTAG 
3181 CCTATAGGTG TGGGTTATTG ACCATTATTG ACCACTCCCC TATTGGTG^C GATACTTTCC 
32^1 ATTACTAATG CATAACATGG CTCTCTGCCA CAACtATCTC TATTGGCTAT ATGCCAATAG 
3301^ TCTGTCCOTC AGAGACTGAC ACGGACTCTG TATTTTTACA GGATGGGGTC CCATTTATTA 
3361 TTTACAAATT CACATATACA ACAACGCCGT CCCCCGTGCG GGCAGTTTTT ATTAAACATA 
3421 GCGTCGGATC TCCACGCGAA TCTCGGGXAC GTGTTCCGGA CATGGGCTCT TCTCCGGTAG 
3481 CGGCGGAGCT TCCACATCCG AGCCCTGGTC CCATGGCTCC AGCGGGTCAT GGTCGCTCGG 
3541 CAGCTCCTTG CTCCTAACAG TGGAGGCGAG ACTTAGGCAC AGCAGAATGG CCACCACCAC 
3601 CAGXGTGCCG CACAAGGCCG TGGCGGTAGG GTATGTGTCT GAAAATGAGC TCGGAGATTG 
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3661 GGCTCGCfl.CC GTgBKsCAGA TGGAAGACTT A&GGCMa^G&SJ^^ 

3721 TGAGTTGTTG TATTCTGATA AGAGTCAGAG GTAACTCCCG TTGCGGTGCT GTTAACGGTG 

3781 GAGGGCAGTG TAGTCTGftGC AGTACTCGTT GCTGCCGCGC GCGCCACCAG ACAIAATAGC 

3841 TGACAGACTA ACAGACTGTT CCTTTCCATG GGTCTTTTCT GCAGTCACCG TCCAAGCTTG 

-3 901- ■* — GAATGATGGA TGCAATGAAG AGAGGGCTCT GCTGTGTGCT- GCTGCTGTGT GGAGCAGTCT. ., 

3961 TCGTTTCGGC TAGCGCTCCC CAGTCTATTA CAGAACTATG TTCGGAATAT CGCAACACAC 

4021 A^TATATAC GATAAATGAC AAGATACTAT CATAIACCSGA ATCGATGGCA GGCAAAAGAG 

4081 AAATGGTTAT CATTACATTT AAGAGCGGCG CAACATTTCA GGTCG&AGTC CCGGGCAGTC 

4141 AACATATAGA CTCCCAAAAA AAAGCCATTG AAAGGATGAA GGACACATTA AGAATCACAT 

4201 ATCTGACCGA GACCAAAATT GATAAATTAT GTGTATGGAA TAATAAAACC CCCAATTCAA 

4261 TTGCGGCAAT CAG2ATGGAA AACTAGGGAT CCTCGCAATC CCTAGGAGGA TTAGGCMGG 

4321 GCTTGAGCTC ACGCTCTTGT GAGGGACAGA AATACAATCA GGGGCAGTAT ATG&ATACTC 

4381 CAXGGAGAAA CCCAGATCTA CGTATGATCA GCCTCGACTG TGCCTTCTAG TTGCCAGCCA 

4441 TCTGTTGTTT GCCCCTCCCC CGTGCCTTCC TTGACCCTGG AAGGTGCCAC XCCCACTGTC 

4501 CTTTCCTAAT AAAATGAGGA AATTGCATCG CATTGTCTGA GTAGGTGTCA TTCTATTCTG 

4561 GGGGGTGGGG TGGGGCAGGA CAGCAAGGGG GAGGATTGGG AAGACAATAG CAGGCATGCT 

4521 GGGGATGCGG TGGGCTCTAT GGCTTCTGAG GCGGAAAGAA CCAGCTGGGG CTCGACAGCT 

4681 CGACTCTAGA ATTCACTGGC CGTCGTTTTA CAACGTCGTG ACTGGGAAAA CCCTGGCGTT 

4741 ACCCAACTTA ATCGCCTTGC AGC^CATCCC CCTTTCGCCA GCTGGCGTAA TAGCGAAGAG 

4801 GCCCGCACCG ATCGCCCTTC CCAACAGTTG CGCAGCCTGA ATGGCGAATG GCGCCTGATG 

4861 CGGX&.TTTTC TCCTTACGCA TCTGTCCGGT ATTTCACACC GCATATGGTG CACTCTCAGT 

4921 ACAATCTGCT CTGATGCCGC ATOG^TAAGC CAGCCCCGAC ACCCGCCAAC ACCCGCTGAC 

4981 GCGCCCTGAC GGGCTTGTCT GCTCCCGGCA TCCGCTTACA GACAAGCTGT GACCGTCTCC 

5041 GGGAGCTGCA TGTGTCAGAG GTTTTCACCG TCATCACCGA A&CGCGCGA 
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1 GACG&AAGGG CCTCGTGATA CGCCTATXTX TAXAGGXXAA TGTCATGATA ATAATGGTTT 

61 CXTAGACGTC AGGXGGCACX TTXCGGGGAA ATGTGCGCGG AACCCCTATX TGTTXAXTXT 

121 TCTAAATACA TTCAAATATG TAXCCGCTCA TGAGACAATA ACCCXGAXAA AXGCXTCAAT 

18 X AAXATTGAAA AAGGAAGAGT ATGAGXATXC AACATTXCCG TOTCGCCCTT AXTCCCTTTT 

241 TTGCGGCATT XXGCCTTCCT GXXTXTGCTC ACCCAGAAAC GCXGGXGAAA GTAAAAGATG 

301 CTGAAGAXCA GTTGGGTGCA CGAGTGGGOT ACATCGAACT GGATCTCAAC AGCGGTAAGA 

361 TCCTTGAGAG_TTT'?CGCCCC GAAGAACGXX TTCCAATGAX GAGCACTTTT A&&GTTCTGC 

421 TAXGXGGCGC GGTATTAXCC CGXAXTGACG CCGGGCAAGA GCAACTCGGT CGCCGCATAC 

481 ACTAXTCXCA GAATGACXXG GTTGAGTACT CACCAGXCAC AGAAAAGCAT CTXACGGATG 

541 GCATGACAGT AAGAGAATTA TGCAGTGCTG CCATAACCAT GAGTGATAAC AOTGCGGCCA 

601 ACTTACTTCT GACAACGATC GGAGGACCGA AGGAGCXAAC CGCTTTTTTG CACAACAXGG 

661 GGGAXCAXGX AACXCGCCTT GATCGTTGGG AACCGGAGCT GAATGAAGCC ATACCAAACG 

721 ACGAGCGTGA CACCACGATO CCTGTAGCAA TGGCAACAAC GXTGCGCAAA CTAXTAACXG 

781 GCGAACTACT TACTCTAGCT XCCCGGC&AC AATTAATAGA CTGGATGGAG GCGGAXAAAG 

841 TTOCAGGACC ACTTCTGCGC XCGGCCCTTC CGGCTGGCTG GXTXAXTGCT GATAAATCTG 

901 GAGCCGGTGA GCGTGGGTCX CGCGGTATCA TTGCAGCACT GGGGCCAGAX GGTAAGCCCX 

961 CCCGTATCGT AGTTAXCXAC ACGACGGGGA GTCAGGCAAC TATGGAXGAA CGAAATAGAC 

1021 AGATCGCTGA GATAGGTGCG TCACTGATTA AGCATTGGTA ACTGTCAGAC CAAGXlTACT 

1081 CATATAXACT XTAGAXXGAT TTAAAACTTC AXTTXTAAXT TAAAAGGATC TAGGTGAAGA 
1141 ■ TCCTTTTXGA -XAATCTCAXG ACCAAAATCC CTXAACGT£A GTTXXCGTXC CACXGAGCGT 

1201 CAGACCCCGT AGAAAAGAXC AAAGGATCXX CTTGAGATCC TTTTTTTCTG CGCGXAAXCX 

12 61 GCXGCTTGCA AACAAAAAAA CCACCGCTAC CAGCGGTGGT TTGTTTGCCG GATCAAGAGC 

1321 TACCAACTCT TTTTCCGAAG GTAACXGGCT TCAGCAGAGC GCAGATACCA AAXACXGTCC 

1381 TTCTAGTGTA GCCGTAGTXA GGCCACCACT TCAAGAACTC XGXAGCACCG . CCTACATACC 

1441 TCGCTCTGCT AATCCTGTTA CCAGTGGCTG CXGCCAGTGG CGATAAGTCG TGTCXTACCG 

1501 GGXTGGACTC AAGACGATAG TTACCGGATA AGGCGCAGCG GXCGGGCTGA ACGGGGGGTT 

1561 CGTGCACACA GCCCAGCTXG GAGGGAACGA CCTACACCGA ACTGAGAXAC CTACAGCGTG 

1521 AGCAXTGAGA AAGCGCCACG CTTCCCGAAG GGAGAAAGGC GGACAGGTAT CCGGTAAGCG 

1681 GCAGGGXCGG AACAGGAGAG CGCACGAGGG AGCTTCCAGG GGGAAACGCC TGGXAXCTXT 

1741 ATAGTCC^GT CGGGTXXCGC CACCTCTGAC XXGAGCGXCG ATTTTTGTGA TGCXCGXCAG 

18 01 GGGGGCGGAG CCTATGGAAA AACGCCAGCA ACGCGGCCTT TOTACGGTXC CTGGCCTTXT 

18 61 GCXGGCCTXX TGCTCACATG TTCTTXCCXG CGTTATCCCC TGATTCXGXG GATAACCGXA 

1921 TTACCGCCTT TGAGTGAGCT GATACCGCTC GCCGCAGCCG AACGACCGAG CGCAGCGAGT 

1981 CAGTGAGCGA GGAAGCGGAA GAGCGCCCAA TACGCAAACC GCCTCTCCCC GCGCGXXGGC 

2041 CGAXXCATTA ATGCAGCTGG CACGACAGGT TTCCCGACTG GAAAGCGGGC AGTGAGCGCA 

■2101 ACGCAAXXAA TGXGAGTTAG CTCACTCATT AGGCACCCCA GGCTTTACAC TTTAXGCXTC 

2161 CGGCTCGTAT GTTGTGTGGA ATTGXGAGCG GATAACAATT XCACACAGGA AACAGCXAXG 

2221 ACCAXGAXXA CGCCAAGCTA GTCGACATAA ATCAAXATXG GCTATTGGCC AXTGCAXACG 

2281 TTGTATCTAT AXCATAAXAT GTACATTTAT ATTGGCTCAT GTCCAATATG ACCGCGAXGT 

2341 TGACAXTGAX XAXTGACTAG TTAXXAATAG XAAXCAAXXA CGGGGTCAXT AGTXCATAGC 

2401 CCATATATGG AGXTCCGCGT TACATAACTT ACGGTAAAXG GCCCGCCTCG TGACCGCCCA 

2461 ACGACCCCCG CCCAXTGACG TCAATAATGA CGTATGTTCC CATAGTAACG CCAATAGGGA 

2521 CXTTCCAXXG ACGTCAATGG GTGGAGTATT TACGGTAAAC TGCCCACTTG GCAGTACATC 

2581 AAGXGTAXCA TATGCCAAGT CCGGCCCCCT ATTGACGTCA ATGACGGTAA ATGGCCCGCC 

2641 TGGCATTATG CCCAGTACAT GACCTTACGG GACTTTCCTA CTTGGCAGTA CATCTACGTA 

2701 TTAGTCATCG CXATTACCAT GGTGATGCGG TTXTGGCAGT ACACCAATGG GCGXGGAXAG 

2761 CGGTTTGACT CACGGGGATT TCCAAGTCTC CACCCCATTG ACGTCAATGG GAGTTTGTTX 

2821 TGGCACCAAA ATCAACGGGA CTTTCCAAAA TCTCGTAATA ACCCCGCCCC GTTGACGCAA 

2881 ATGGGCGGTA GGCGTGTACG GTGGGAGGTC XAXATAAGCA GAGCTCGTTT AGTGAACCGT 

2941 CAGATCGCCT GGAGACGCCA XCCACGCTGT TTTGACCTCG ATAGAAGACA CCGGGACCGA 

3001 TCCAGCCTCC GGGGCCGGGA ACGGTGCATT GGAACGCGGA TTCCCCGXGC CAAGAGTGAC 

3061 GTAAGTACCG CCTATAGACT CTATAGGCAC ACCCCTTTGG CTCTTATGCA TGCTATACTG 

3121 TTTTTGGCTT GGGGCCTAXA CACCCCCGCT CCTTATGCTA TAGGTGATGG TATAGCTTAG 

3181 CCTATAGGTG TGOGXTATTG ACCAXTATTG ACCACTCCCC TATTGGTGAC GAXACTTTCC 

3241 ATTACTAATC CATAAGATGG CTCTTTGCCA CAACTATCTC TATTGGCXAT ATGCCAAXAC 

3301 TCTGTCCTTC AGAGACTGAC ACGGACTCTG TATTTXXACA GGAXGGGGTC CCAXXTATTA 

3361 XTTACAAAXT CAGATATACA ACAACGCCGX CCCCCGTGCC CGCAGXXTXX ATXAAACAXA 

3421 GCGXGGGAXC TCCACGCGAA TCTCGGGTAC GTGTTCGGGA CATGGGCXCT XCXCCGGXAG 

3481 CGGCGGAGCX XCCACATCCG AGCCCTGGTC CCAXGCGXCC AGCGGCTCAT GGXCGCXCGG 

3541 CAGCXCCXXG CTCCTAACAG TGGAGGCCAG ACXXAGGCAC AGCACAATGC CCACCACCAC 

3601 CAGXGXGCCG CACAAGGCCG XGGCGGTAGG GXAXGTGXCX GAAAATGAGC TCGGAGATXG 
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2661 GGCTCGCa.CC GTGHE&AGA TGGAAGACTT AAGGCAGCGG »G^AAC3jWGC^3GCAGCr- 

3721 - tgagttgttg tattctgaxa agagtcagag gtaactcccg ttgcggtgct gttaacggtg 

3781 GAGGGCAGTG TAGTCTGAGC AGTAGTCGTT GCTGCCGCGC GCGCCACCAG ACATAATAGC 

3 841 TGACAGACTA ACAGACTGTT COTTTCCATG GGTCTTTTCT GCAGTCACCG TCCAAGCTTG 

3 901 CAATCATGGA TGCA&TG$AG AGAGGGCTCT GCTGTGTGCT GCTGCTGTGT GGAGCAGTCT 

3961 TCGTTTCGGe TAGCAATGGC GAGAAAtfTAT - AGCGTGCTGA • CTCTAGACCC CCAGATGAAA 

4021 TAAAACGTTC CGGAGGTCTT ATGCCCAGAT GGCATAAtGA GTACTTCGAT AGAGGAACTC 

4031 AAATGAATAT TAATCTTTAT GATCACGCGA GAGGAACACA AACCGGCTTT GTCAGATATG 

41^1 - ATGACGGATA TGTTTCCACT TCTCTTAGTT TGAGAAGTGC TCACTTAGCA GGACACTCTA 

4-201 TAtTATCAGG ATATTCCACT TACTATATAT ATGXTATAGC GACAGCACCA AATATGTOTA 

4261 ATGTTAAXGA TGTAXTAGGC GTAXACAGCC CTCACCCATA TGAACAGGAG GTTTCTGCGT 

* 4321 TAGGTGGAAT ACCATATTCT CAGATATATG GATGGXATCG TGTTAATTTT GGTGTGATTG 

4381 ATGAACGATT ACATCGTAAC AGGGAATATA GAGACCGGTA TTACAGAAAT CTGAATATAG 

4441 CTCCGGCAGA GGATGGTTAC AGATTAGCAG GTTTCCCACC GG&TCACCAA GCITGGAGAG 

4501 AAGAACCCTG GATTCATCAT GCACCACAAG GTTGXGGAAA TXCATCAAGA ACAAXXACAG 

4561 GTGATACTTG TAATGAGGAG ACCCAGAATC TGAGCACAAT ATATCTCAGG AAATATCAAT 

4621 CAAAAGTTAA GAGGCAGATA TTTTCAGACT ATCAGTCAGA GGTTGACATA TATAACAGAA 

4681 TTTGAGGATC CTCGCAATCC CTAGGAGGAT TAGGCAAGGG CTTGAGCTCA CGCTCTTGTG 

4741 AGGGACAGAA AXACAATCAG GGGCAGTATA TGAATACTCC ATGGAGAAAC CCAGATCTAC 

'4801 GTATGATCAG CCTCGACTGT GCCTTGXAGT TGCCAGCCAT CTGTTGXTTC CCCCTCCCCC 

4861 GTGCCTTCCT TGACCCTGGA AGGTGCCACT CCCACTGTCC TTTCCTAATA AAATGAGGAA 

4921 ATXGCATCGC ATTGTCTGAG TAGGTGTCAT TGTATTCTGG GGGGTGGGGT GGGGCAGGAC 

4331 AGCAAGGGGG AGGATTGGGA AGACAATAGC AGGCAXGCTG GGGATGCGGT GGGCTCTATG 

5041 GCTTCTGAGG CGGAAAGAAC CAGCTGGGGG TCGACAGCTC GACTCTAGAA TTCACTGGGC 

5101 GTCGTTTTAC AACGTCGTGA CXGGGAAAAC CCTGGCGTTA CCCAACTTAA TCGCCTTGCA 

51'61 GCACATCCCC CTT^CGCCAG. CTGGCGTAAT AGCGAAGAGG CCCGCACCGA TCGCCCCTCC 

5221 CAACAGXTGC. GCAGCCTGAA 7GGCGAATGG CGCCXGATG£ GGTATTTTCT CtfTTACGCAT 

5281 CTGTGCGGXA TTXCACACCG CATATGGTGC ACTCTCAGTA CAATCTGCTC XGATGCCGCA 

5341 TAGTTAAGCC AGCCCCGACA CCCGCCAACA CCCGCTGACG CGCCCTGACG GGCXTGTCXG ' 

5401 CTCCCGGCAT CCGCTTACAG AC&AGCTCTG ACCGTCTCCG GGAGCTGCAT GTGTCAGAGG 

5461 TTXTCACCGT CATCACCGAA ACGCGCGft. 
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Protection Against HSV-2 Challenge in Mice 
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SEQUENCE LISTING 

<110> HAYETES, Joel R. 

AKRINGTON, Joshua 

<120> NUCLEIC ACID ADJUVANTS 

<130> APF41.40 

<14G> 

<141> 2001-11-26 
<160> 22 

<170> Patent In Ver. 2.1 

<210> 1 
<211> 5500 
<212> DNA 

<213> pPJV2002 plasmid 
<400> 1 

gacgaaaggg cctcgtgata cgcctatttt tataggttaa tgtcatgata ataatggttt 50 
cttagacgtc aggtggcact tttcggggaa atgtgcgcgg aacccctatt tgtttatttt 120 
tcta&ataca ttcaaatatg tatccgctca tgagacaata accctgataa atgcttcaat 180 
aatattgaaa aaggaagagt atgagtattc aacatttccg tgtcgccctt attccctttt 240 
ttgcggcatt ttgccttcct gfctttfcgctc acccagaaac gctggtgaaa gtaaaagatg 300 
ctgaagatca gttgggtgca cgagtgggtt acatcgaact ggatctcaac agcggtaaga 360 
tccttgagag ttttcgcccc gaagaacgtt ttccaatgat gagcactttt aaagttctgc 420 
tatgtggcgc ggtattatcc cgtattgacg ccgggcaaga gcaactcggt cgccgcafcac 480 
actattctca gaatgacttg gttgagtact caccagtcac agaaaagcat cttacggatg 540 
gcatgacagt aagagaatta tgcagtgctg ccataaccat gagtgataac actgcggcca 600 
act tact tct gacaacgatc ggaggaccga aggagctaac cgcttttttg cacaacatgg 660 
gggatcatgt aactcgcctt gatcgttggg aaccggagct gaatgaagcc ataccaaacg 720 
acgagcgtga caccacgatg cctgtagcaa tggcaacaac gttgcgcaaa ctattaactg 780 
gcgaactact tactctagct tcccggcaac aattaataga ctggatggag gcggataaag 840 
ttgcaggacc acttctgcgc tcggcccttc cggctggctg gtttattgct gataaatctg 900 
gagccggtga gcgtgggtct cgcggtatca ttgcagcact ggggccagat ggtaagccct 960 
cccgtatcgt agttatctac acgacgggga gtcaggcaac tatggatgaa cgaaatagac 1020 
agatcgctga gataggtgcc tcactgatta agcattggta actgtcagac caagtttact 1080 
catatatact ttagattgat ttaaaacttc atttttaatt taaaaggatc taggtgaaga 1140 
tcctttttga taatctcatg accaaaatcc cttaacgtga gttttcgttc cactgagcgt 1200 
cagaccccgt agaaaagatc aaaggatctt cttgagatcc tttttttctg cgcgtaatct 1260 
gctgcttgca aacaaaaaaa ccaccgctac cagcggtggt ttgtttgccg gatcaagagc 1320 
taccaactct ttttccgaag gtaactggct tcagcagagc gcagatacca aatactgtcc 1380 
ttctagtgta gccgtagtta ggccaccact tcaagaactc tgtagcaccg cctacatacc 1440 
tcgctctgct aatcctgtta ccagtggctg ctgccagtgg cgataagtcg tgtcttaccg 1500 
ggttggactc aagacgatag ttaccggata aggcgcagcg gtcgggctga acggggggtt 1560 
cgtgcacaca gcccagcttg gagcgaacga cctacaccga actgagatac ctacagcgtg 1620 
agcattgaga aagcgccacg cttcccgaag ggagaaaggc ggacaggtat ccggtaagcg 1680 
gcagggtcgg aacaggagag cgcacgaggg agcttccagg gggaaacgcc tggtafccttt 1740 
atagtcctgt cgggtttcgc cacctctgac ttgagcgtcg atttttgtga tgctcgtcag 1800 
gggggcggag actatggaaa aacgccagca acgcggcctt tttacggttc ctggcctttt 1860 
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gctggccttt tgctcacatg ttctttcctg 
ttaccgcctt tgagtgagct gataccgctc 
cagtgagcga ggaagcggaa gagcgcccaa 
cgattcatta atgcagctgg cacgacaggt 
acgcaattaa tgtgagttag ctcactcatt 
cggctcgtat gttgtgtgga attgtgagcg 
accatgatta cgccaagcta gtcgacataa 
ttgtatctat atcataatat gtacatttat 
tgacattgat tattgactag ttattaatag 
ccatatatgg agttccgcgt tacataactt 
acgacccccg cccattgacg tcaataatga 
ctttccattg acgtcaatgg gtggagtatt 
aagtgtatca tatgccaagt ccggccccct 
tggcattatg cccagtacat gaccttacgg 
ttagtcatcg ctattaccat ggtgatgcgg 
cggtttgact cacggggatt tccaagtctc 
tggcaccaaa atcaacggga ctttccaaaa 
atgggcggta ggcgtgtacg gtgggaggtc 
cagatcgcct ggagacgcca tccacgctgt 
tccagcctcc gcggccggga acggtgcatt 
gtaagtaccg cctatagact ctataggcac 
tttttggctt ggggcctata cacccccgct 
cctataggtg tgggttattg accattattg 
attactaatc cataacatgg ctctttgcca 
tctgtccttc agagactgac acggactctg 
tttacaaatt cacatataca acaacgccgt 
gcgtgggatc tccacgcgaa tctcgggtac 
cggcggagct tccacatceg agccctggtc 
cagctccttg ctcctaacag tggaggccag 
cagtgtgccg cacaaggccg tggcggtagg 
ggctcgcacc gtgacgcaga tggaagactt 
tgagttgttg tattctgata agagtcagag 
gagggcagtg tagtctgagc agtactcgtt 
tgacagacta acagactgtt cctttccatg 
caatcatgga tgcaatgaag agagggctct 
tcgtttcggc tagcaatgat gataagttat 
taaagcagtc aggtggtctt atgccaagag 
aaatgaatat caacctttat gatcatgcaa 
atgatggata tgtttccacc tcaattagtt 
tattgtctgg tcattctact tattatatat 
acgttaatga tgtattaggg gcatacagtc 
taggtgggat tccatactcc caaatatatg 
atgaacaatt acatcgtaat aggggctaca 
ctccagcagc agatggttat ggattggcag 
aagagccgtg gattcatcat gcacegccgg 
gtaatacttg cgatgaaaaa acccaaagtc 
ctaaagfctaa aagacaaata ttttcaggct 
ttaaggatga attatgagga tcctcgcaat 
cacgctcttg tgagggacag aaatacaatc 
acccagatct acgtatgatc agcctcgact 
tgcccctccc ccgtgccttc cttgaccctg 
taaaatgagg aaattgcatc gcattgtctg 



cgttatcccc tgattctgtg gataaccgta 1920 
gccgcagccg aacgaccgag cgcagcgagt 1980 
tacgcaaacc gcctctcccc gcgcgttggc 2040 
ttcccgactg gaaagcgggc agtgagcgca 2100 
aggcacccca ggctttacac tttatgcttc 2160 
gataacaatt tcacacagga aacagctatg 2220 
atcaatattg gctattggcc attgcatacg 2280 
attggctcat gtccaatatg accgccatgt 2340 
taatcaatta cggggtcatt agttcatagc 2400 
acggtaaatg gcccgcctcg tgaccgccca 2460 
cgtatgttcc catagtaacg ccaataggga 2520 
tacggtaaac tgcccacttg gcagtacatc 2580 
attgacgtca atgacggtaa atggcccgcc 2640 
gactttccta cttggcagta catctacgta 2700 
ttttggcagt acaccaatgg gcgtggatag 27 60 
caccccattg acgtcaatgg gagtttgttt 2820 
tgtcgtaata accccgcccc gttgacgcaa 2880 
tatataagca gagctcgttt agtgaaccgt 2940 
tttgacctcc atagaagaca ccgggaccga 3000 
ggaacgcgga ttccccgtgc caagagtgac 3060 
acccctttgg ctcttatgca tgctatactg 3120 
ccttatgcta taggtgatgg tatagcttag 3180 
accactcccc tattggtgac gatactttcc 3240 
caactatctc tattggctat atgccaatac 3300 
tatttttaca ggatggggtc ccatttatta 3360 
cccccgtgcc cgcagttttt attaaacata 3420 
gtgttccgga catgggctct tctccggtag 3480 
ccatgcctcc agcggctcat ggtcgctcgg 3540 
acttaggcac agcacaatgc ccaccaccac 3600 
gtatgtgtct gaaaatgagc tcggagattg 3660 
aaggcagcgg cagaagaaga tgcaggcagc 3720 
gtaactcccg ttgcggtgct gttaacggtg 3780 
gctgccgcgc gcgccaccag acataatagc 3840 
ggtcttttct gcagtcaccg tccaagcttg 3900 
gctgtgtgct gctgctgtgt ggagcagtct 3960 
atcgggcaga ttctagacct cctgatgaaa 4020 
gacagagtga gtactttgac cgaggtactc 4080 
gaggaactca gacgggattt gttaggcacg 4140 
tgagaagtgc ccacttagtg ggtcaaacta 42 00 
atgttatagc cactgcaccc aacatgttta 42 60 
ctcatccaga tgaacaagaa gtttctgctt 4320 
gatggtatcg agttcatttt ggggtgcttg 4380 
gagatagata ttacagtaac ttagatattg 4440 
gtttccctcc ggagcataga gcttggaggg 4500 
gttgtgggaa tgctccaaga tcatcgatga 4560 
taggtgtaaa attccttgac gaataccaat 4620 
atcaatctga tattgataca cataatagaa 4680 
ccctaggagg attaggcaag ggcttgagct 4740 
aggggcagta tatgaatact ccatggagaa 4800 
gtgccttcta gttgccagcc atctgttgtt 4860 
gaaggtgcca ctcccactgt cctttcctaa 492 0 
agtaggtgtc attctattct ggggggtggg 4980 
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gtggggcagg acagcaaggg ggaggattgg 
gtgggctcta tggcttctga ggcggaaaga 
aattcactgg ccgtcgtttt acaacgtcgt 
aatcgccttg cagcacatcc ccotttcgcc 
gatcgccctt cccaacagtt gcgcagcctg 
ctccttacgc atctgtgcgg tatttcacac 
tctgatgccg catagttaag ccagccccga 
cgggcttgtc tgctcccggc atccgcttac 
atgtgtcaga ggttttcacc gtcatcaccg 
<210> 2 
<211> 5089 
<212> DNA 

<213> pPJV2003 plasmid 



gaagacaata 
accagctggg 
gactgggaaa 
agctggcgta 
aatggcgaat 
cgcatatggt 
cacccgccaa 
agacaagctg 
aaacgcgcga 



gcaggcatgc 
gctcgacagc 
accctggcgt 
at-agegaaga 
ggcgcctgat 
gcactctcag 
cacccgctga 
tgaccgtctc 



fcggggatgcg 

tcgactctag 
tacccaactt 
ggcccgcacc 
gcggtatttt 
tacaatctgc 
cgcgccctga 
cgggagctgc 



<400> 2 

gacgaaaggg 

cttagacgtc 

tctaaataca 

aatattgaaa 

ttgcggcatt 

ctgaagatca 

tocttgagag 

batgtggcgc 

actattctca 

gcatgacagt 

acttacttct 

gggatcatgt 

acgagcgtga 

gcgaactact 

ttgcaggacc 

gagccggtga 

cccgfeatcgt 

agatcgctga 

catafcatact 

tcctttttga 

cagaccccgt 

gctgcttgca 

taccaactct 

ttctagtgta 

fccgctctgct 

ggttggactc 

cgtgcacaca 

agcattgaga 

gcagggtcgg 

atagtcctgt 

gggggcggag 

gctggccttt 

fctaccgcctt 

cagtgagcga 

cgattcatta 

acgcaattaa 

cggctcgtat 



cctcgtgata 
aggtggcact 
ttcaaatafcg 
aaggaagagt 
ttgccttcct 
gttgggtgca 
ttttcgcccc 
ggtafctatcc 
gaatgacttg 
aagagaatta 
gacaacgatc 
aactcgcctt 
caccacgatg 
tactctagct 
acttctgcgc 
gcgtgggtct 
agttatctac 
gataggtgcc 
ttagattgat 
taatctcatg 
agaaaagatc 
aacaaaaaaa 
ttttccgaag 
gccgtagtta 
aatcctgtta 
aagacgatag 
gcccagcttg 
aagcgccacg 
aacaggagag 
cgggtttcgc 
cctatggaaa 
tgctcacatg 
tgagtgagct 
ggaagcggaa 
atgcagctgg 
tgtgagttag 
gttgtgtgga 



cgcctatttt 
tttcggggaa 
tatccgctca 
atgagtattc 
gtttttgctc 
cgagtgggtt 
gaagaacgtt 
cgtattgacg 
gttgagtact 
tgcagtgctg 
ggaggaccga 
gatcgttggg 
cctgtagcaa 
tcccggcaac 
tcggcccttc 
cgcggtatca 
acgacgggga 
tcactgatta 
ttaaaacttc 
accaaaatcc 
aaaggatctt 
ccaccgctac 
gtaactggct 
ggccaccact 
ccagtggctg 
ttaccggata 
gagcgaacga 
cttcccgaag 
cgcacgaggg 
cacctctgac 
aacgccagca 
ttctttcctg 
gataccgctc 
gagcgcccaa 
cacgacaggt 
ctcactcatt 
attgtgagcg 



tataggttaa 
atgtgcgcgg 
fcgagac aata 
aacatttccg 
acccagaaac 
acatcgaact 
ttccaatgat 
ccgggcaaga 
caccagtcac 
ccataaccat 
aggagctaac 
aaccggagct 
tggcaacaac 
aattaataga 
cggctggctg 
ttgcagcact 
gtcaggcaac 
agcattggta 
atttttaatt 
cttaacgtga 
cttgagatcc 
cagcggtggt 
tcagcagagc 
tcaagaactc 
ctgccagtgg 
aggcgcagcg 
ccfcacaccga 
ggagaaaggc 
agcttccagg 
ttgagcgtcg 
acgcggcctt 
cgttatcccc 
gccgcagccg 
tacgcaaacc 
ttcccgactg 
aggcacccca 
gataacaatt 



tgtcatgata 
aaccccfcatt 
accctgataa 
tgtcgccctt 
gctggtgaaa 
ggatctcaac 
gagcactttt 
gcaactcggt 
agaaaagcat 
gagtgataac 
cgcttttttg 
gaatgaagcc 
gttgcgcaaa 
ctggatggag 
gtttattgct 
ggggccagat 
tatggatgaa 
actgtcagac 
taaaaggatc 
gttttcgttc 
tttttfctctg 
ttgtttgccg 
gcagatacca 
tgtagcaccg 
cgataagtcg 
gtcgggctga 
actgagafcac 
ggacaggtat 
gggaaacgcc 
atttttgtga 
tttacggfctc 
tgattctgtg 
aacgaccgag 
gcctctcccc 
gaaagcgggc 
ggctttacac 
tcacacagga 



5040 
5100 
5160 
5220 
5280 
5340 
5400 
5460 
5500 



ataatggttt 
tgtttatttt 
atgcttcaat 
attccctttt 
gtaaaagatg 
agcggtaaga 
aaagttctgc 
cgccgcatac 
cttacggatg 
actgcggcca- 
cacaacatgg 
ataccaaacg 
ctattaactg 
gcggataaag 
gataaatctg 
ggtaagccct 
cgaaatagac 
caagtttact 
taggtgaaga 
cactgagcgt 
cgcgtaatct 
gatcaagagc 
aabactgtcc 
cctacatacc 
tgtcttaccg 
acggggggtt 
ctacagcgtg 
ccggtaagcg 
tggtatcttt 
bgctcgtcag 
ctggcctttt 
gataaccgta 
cgcagcgagt 
gcgcgttggc 
agtgagcgca 
tttatgcttc 
aacagctatg 



60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

1620 

1680 

1740 

1800 

1860 

1920 

1980 

2040 

2100 

2160 

2220 
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accatgatta cgccaagcta gtcgacataa 
ttgtatctat atcataatat gtacatttat 
tgacattgat tattgactag ttattaatag 
^cca-tata-tgg-agttccgcgt tacataactt 
acgacccccg cccattgacg tcaataatga 
ctttccattg acgtcaatgg gtggagtatt 
aagtgtatca tatgccaagt ccggccccct 
tggcattatg cccagtacat gaccttacgg 
ttagtcatcg ctattaccat ggtgatgcgg 
cggtttgact cacggggatt tccaagtctc 
tggcaccaaa atcaacggga ctttccaaaa 
atgggcggta ggcgtgtacg gtgggaggtc 
cagatcgcct ggagacgcca tccacgctgt 
tccagcctcc gcggccggga aeggtgcatt 
gtaagtaccg cctatagact ctataggcac 
tttttggctt ggggcctata cacccccgct 
cctataggtg tgggttattg accattattg 
attactaatc cataacatgg ctctttgcca 
tctgtccttc agagactgac acggactctg 
tttacaaatt cacatataca acaacgccgt 
gcgtgggatc tccacgcgaa tctcgggtac 
cggcggagct tccacatccg agccctggtc 
cagctccttg ctcctaacag tggaggccag 

■ cagtgtgccg cacaaggccg tggcggtagg 
ggctcgcacc gtgacgcaga tggaagactt 
tgagttgttg tattctgata agagtcagag 
gagggcagtg tagtctgagc agtactcgtt 
tgacagacta acagacfcgtt cctttccatg 

. caatcatgga tgcaatgaag agagggctct 
tcgtttcggc tagcacacct caaaatatta 
aaatabatac gctaaatgat aagatatttt 
agatggctat cattactttt aagaatggtg 
aacatataga ttcacaaaaa aaagcgattg 
atcttactga agctaaagtc gaaaagttat 
ttgccgcaat tagtatggca aattaaggat 
gcttgagctc acgctcttgt gagggacaga 
catggagaaa cccagatcta cgtatgatca 
tctgttgttt gcccctcccc cgtgccttcc 
ctttcctaat aaaatgagga aattgcatcg 
gggggtgggg tggggcagga cagcaagggg 
ggggatgcgg tgggctctat ggcttctgag 
cgactctaga attcactggc cgtcgtttta 
acccaactta atcgccttgc agcacatccc 
gcccgcaccg atcgcccttc ccaacagttg 
cggtattttc tccttacgca tctgtgcggt 
acaatctgct ctgatgccgc atagttaagc 
gcgccctgac gggcttgtct gctcccggca 
gggagctgca tgtgtcagag gttttcaccg 
<210> 3 
<211> 5483 
<212> DNA 

<213> plasmid pPJV2006 



atcaatattg gctattggcc attgcatacg 2280 
attggctcat gtccaatatg accgccatgt 2340 
taatcaatta cggggtcatt agttcatagc 2400 
acggtaaatg ...goccgcctcg tgaccgccca~2A60t 
cgtatgttcc catagtaacg ccaataggga 2520 
tacggtaaac tgcccacttg gcagtacatc 2580 
attgacgtca atgacggtaa atggcccgcc 2640 
gactttccta cttggcagta catctacgta 2700 
ttttggcagt acaccaatgg gcgtggatag 2760 
caccccattg acgtcaatgg gagtttgttt 2820 
tgtcgtaata accccgcccc gttgacgcaa 2880 
tatataagca gagctcgttt agtgaaccgt 2940 
tttgacctcc atagaagaca ccgggaccga 3000 
ggaacgcgga ttccccgtgc caagagtgac 3060 
acccctttgg ctcttatgca tgctatactg 3120 
ccttatgcta taggtgatgg tatagcttag 3180 
accactcccc tattggtgac gatactttcc 3240 
caactatctc tattggctat atgccaatac 3300 
tatttttaca ggatggggta ccatttatta 3360 
cccccgtgcc cgcagttttt attaaacata 3420 
gtgttccgga catgggctct tctccggtag 3480 
ccatgcctcc agcggctcat ggtcgctcgg 3540 
acttaggcac agcacaatgc ccaccaccac 3600 
gtatgtgtct gaaaatgagc tcggagattg 3660 
aaggcagcgg cagaagaaga tgcaggcagc 3720 
gtaactcccg ttgcggtgct gttaacggtg 3780 
gctgccgcgc gcgccaccag acataatagc 3840 
ggtcttttct gcagtcaccg tccaagcttg 3900 
gctgtgtgct gctgctgtgt ggagcagtct 3960 
ctgatttgtg tgcagaatac cacaacacac 4020 
cgtatacaga atctctagct ggaaaaagag 4080 
caatttttca agtagaagta ccaggtagtc 4140 
aaaggatgaa ggataccctg aggattgcat 4200 
gtgtatggaa taataaaacg cctcatgcga 4260 
cctcgcaatc cctaggagga ttaggcaagg 4320 
aatacaatca ggggcagtat atgaatactc 4380 
gcctcgactg tgccttctag ttgccagcca 4440 
ttgaccctgg aaggtgccac tcccactgtc 4500 
cattgtctga gtaggtgtca ttctattctg 4560 
gaggattggg aagacaatag caggcatgct 4620 
gcggaaagaa ccagctgggg ctcgacagct 4680 
caacgtcgtg actgggaaaa ccctggcgtt 4740 
cctttcgcca gctggcgtaa tagcgaagag 4800 
cgcagcctga atggcgaatg gcgcctgatg 4860 
atttcacacc gcatatggtg cactctcagt 4920 
cagccccgac acccgccaac acccgctgac 4980 
tccgcttaca gacaagctgt gaccgtctcc 5040 
tcatcaccga aacgcgcga 5089 



4/15 



WO 03/004055 



PCT/US01/43151 



<400> 3 

gacgaaaggg cctcgtgata cgcctatttt 
cttagacgtc aggtggcact tttcggggaa 
tctaaataca ttcaaatatg tatccgctca- 
aatattgaaa aaggaagagt atgagtattc 
ttgcggcatt ttgccttcct gtttttgctc 
ctgaagatca gttgggtgca cgagtgggtt 
tccttgagag ttttcgcccc gaagaacgtt 
tatgtggcgc ggtattatcc cgtattgacg 
actattctca gaatgacttg gttgagtact 
gcatgacagt aagagaatta tgcagtgctg 
acttacttct gacaacgafcc ggaggaccga 
gggatcatgt aactcgcctt gatcgttggg 
acgagcgtga caccacgatg cctgtagcaa 
gcgaactact tactctagct tcccggcaac 
ttgcaggacc acttctgcgc tcggcccttc 
gagccggtga gcgtgggtct cgcggtatca 
cccgtatcgt agttatctac acgacgggga 
agatcgctga gataggtgcc tcactgatta 
catatatact ttagattgat ttaaaacttc 
tcctttttga taatctcatg accaaaatcc 
cagaccccgt agaaaagatc aaaggatctt 
gctgcttgca aacaaaaaaa ccaocgctac 
taccaactct ttttccgaag gtaactggct 
ttctagtgta gccgtagtta ggccaccact 
tcgctctgct aatcctgtta ccagtggctg 
ggfctggactc aagacgatag ttaccggata 
cgtgcacaca gcccagcttg gagcgaacga 
agcattgaga aagcgccacg cttcccgaag 
gcagggtcgg aacaggagag cgcacgaggg 
atagtcctgt cgggtttcgc cacctctgac 
gggggcggag cctatggaaa aacgccagca 
gctggccttt tgctcacatg ttctttcctg 
ttaccgcctt tgagtgagct gataccgctc 
cagtgagcga ggaagcggaa gagcgcccaa 
cgattcatta atgcagctgg cacgacaggt 
acgcaattaa tgtgagttag ctcactcatt 
cggctcgtat gttgtgtgga attgtgagcg 
accatgatta cgccaagcta gtcgacataa 
ttgtatctat atcataatat gtacatttat 
tgacattgafc tattgactag ttattaatag 
ccatatatgg agttccgcgt tacataactt 
acgacccccg cccattgacg tcaataatga 
ctttccattg acgtcaatgg gtggagtatt 
aagtgtafcca tatgccaagt ccggccccct 
tggcafctatg cccagtacat gaccttacgg 
ttagtcatcg ctattaccat ggtgatgcgg 
cggtttgact cacggggatt tccaagtctc 
tggcaccaaa atcaacggga ctttccaaaa 
atgggcggta ggcgtgtacg gtgggaggtc 
cagatcgcct ggagacgcca tccacgctgt 
tccagcctcc gcggccggga acggtgcatt 



tataggttaa tgtcatgata ataatggttt 60 
atgtgcgegg aacccctatt tgtttatttt 120 
tgagacaata accctgataa atgcttcaat 180 
aacatttccg tgtcgccctt attccctttt 240 
acccagaaac gctggtgaaa gtaaaagatg 300 
acatcgaact ggatctcaac agcggtaaga 360 
ttccaatgat gagcactttt aaagttctgc 420 
ccgggcaaga gcaactcggt cgccgcatac 480 
caccagtcac agaaaagcat cttacggatg 540 
ccataaccat gagtgataac actgcggcca 600 
aggagctaac cgcttttttg cacaacatgg 660 
aaccggagct gaatgaagcc ataccaaacg 720 
tggcaacaac gttgcgcaaa ctattaactg 780 
aattaataga ctggatggag gcggataaag 840 
cggctggctg gtttattgct gataaatctg 900 
ttgcagcact ggggccagat ggtaagccct 960 
gtcaggcaac tatggatgaa cgaaatagac 1020 
agcattggta actgtcagac caagttfoact 1080 
atttttaatt fcaaaaggatc taggfcgaaga 1140 
cttaacgtga gttttcgttc cactgagcgt 1200 
cttgagatcc ttttfcttctg cgcgtaatct 1260 
cagcggtggt ttgtttgccg gatcaagagc 1320 
tcagcagagc gcagatacca aatactgtcc 1380 
tcaagaactc tgtagcaccg cctacatacc 1440 
ctgccagtgg cgataagtcg tgtcttaccg 1500 
aggcgcagcg gtcgggctga acggggggtt 1560 
cctacaccga actgagatac ctacagcgtg 1620 
ggagaaaggc ggacaggtat ccggtaagcg 1680 
agcttccagg gggaaacgcc tggtatcttt 1740 
ttgagcgtcg atttttgtga tgctcgtcag 1800 
acgcggcctt tttacggttc ctggcctttt 1860 
cgttatcccc tgattctgtg gataaccgta 1920 
gccgcagccg aacgaccgag cgcagcgagt 1980 
tacgcaaacc gcctctcccc gcgcgttggc 2040 
ttcccgactg gaaagcgggc agtgagcgca 2100 
aggcacccca ggctttacac tttatgcttc 2160 
gataacaatt tcacacagga aacagctatg 2220 
atcaatattg gctattggcc attgcatacg 2280 
attggctcat gtccaatatg accgccatgt 2340 
taatcaatta cggggtcatt agttcatagc 2400 
acggtaaatg gcccgcctcg tgaccgccca 2460 
cgtatgttcc catagtaacg ccaataggga 2520 
tacggtaaac tgcccacttg gcagtacatc 2580 
attgacgtca atgacggtaa atggcccgcc 2640 
gactttccta ctfcggcagta catctacgta 2700 
ttttggcagt acaccaatgg gcgtggatag 2760 
caccccattg acgtcaatgg gagtttgttt 2820 
tgtcgtaata accccgcccc gttgacgcaa 2880 
tatataagca gagctcgttt agtgaaccgt 2940 
tttgacctcc atagaagaca ccgggaccga 3000 
ggaacgcgga ttccccgtgc caagagtgac 3060 
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gtaagtaccg cctatagact ctataggcac 
tttttggctt ggggcctata cacccccgct 
cctataggtg tgggttattg accattattg 
~atn;acT:a&t<r cataacatgg ctctttgcca 
tctgtccttc agagactgac acggactctg 
tttacaaatt cacatataca acaacgccgt 
gcgtgggatc tccacgcgaa tctcgggtac 
cggcggagct tccacatccg agccctggtc 
cagctccttg ctcctaacag tggaggccag 
cagtgtgccg cacaaggccg tggcggtagg 
ggctcgcacc gtgacgcaga tggaagactt 
tgagttgttg tattctgata agagtcagag 
gagggcagtg tagtctgagc agtactcgtt 
tgacagacta acagactgtt cctfctccatg 
caatcatgga tgcaatgaag agagggctct 
tcgtttcggc tagcaatgat gataagttat 
taaagcagfcc aggtggtctt atgccaagag 
aaatgaatat caacctttat gatcatgcaa 
atgatggata tgtttccacc tcaattagtt 
tattgtctgg tcattctact tattatatat 
acgttaatga tgtattaggg gcatacagtc 
taggtgggat tccatactcc caaatatatg 
atgaacaatt acatcgtaat aggggctaca 
ctccagcagc agatggttat ggattggcag 
aagagccgtg gattcatcat gcaccgccgg 
gtaatacttg cgatgaaaaa acccaaagtc 
ctaaagttaa aagacaaata ttttcaggct 
tttgaggatc ctcgcaabcc ctaggaggat 
agggacagaa atacaatcag gggcagtata 
gtatgatcag cctcgactgt gccttctagt 
gtgccttcct tgaccctgga aggtgccact 
attgcatcgc attgtctgag taggtgtcat 
agcaaggggg aggattggga agacaatagc 
gcttctgagg cggaaagaac cagctggggc 
gtcgttttac aacgtcgtga ctgggaaaac 
gcacatcccc ctttcgccag ctggcgtaat: 
caacagttgc gcagcctgaa tggcgaatgg 
ctgtgcggta tttcacaccg catatggtgc 
tagttaagcc agccccgaca cccgccaaca 
ctcccggcat ccgcttacag acaagctgtg 
ttttcaccgt catcaccgaa acgcgcga 

<210> 4 
<211> 5500 
<212> DNA 

<213> plasmid pPJV2004 
<400> 4 

gacgaaaggg cctcgtgata cgcctatttt 
cttagacgtc aggfcggcact tttcggggaa 
tctaaataca ttcaaafcatg tatccgctca 
aatattgaaa aaggaagagt atgagtattc 



acccctttgg ctcttatgca tgctatactg 3120 
ccttatgcta taggtgatgg tatagcttag 3180 
accactcccc tattggtgac gatactttcc 3240 
caactattfte tattggctaf ' ■atgseaatrac 33 00 
tatttttaca ggatggggtc ccatttatta 33 60 
cccccgtgcc cgcagttttt attaaacata 3420 
gtgttccgga catgggctct tctccggtag 3480 
ccatgcctcc agcggctcat ggtcgctcgg 3540 
acfctaggcac agcacaatgc ccaccaccac 3600 
gtatgtgtct gaaaatgagc tcggagattg 3660 
aaggcagcgg cagaagaaga tgcaggcagc 3720 
gtaactcccg ttgcggtgct gttaacggtg 3780 
gctgccgcgc gcgccaccag acataatagc 3840 
ggtcttttct gcagtcaccg tccaagcttg 3900 
gctgtgtgct gctgctgtgt ggagcagtct 3960 
atcgggcaga ttctagacct cctgatgaaa 4020 
gacagagtga gtactttgac cgaggtactc 4080 
gaggaactca gacgggattt gfctaggcacg 4140 
tgagaagtgc ccacttagtg ggtcaaacta 4200 
atgttatagc cactgcaccc aacatgttta 4260 
ctcatccaga tgaacaagaa gtttctgctt 4320 
gatggtatcg agttcatttt ggggtgcttg 43 80 
gagatagata ttacagtaac ttagatattg 4440 
gtttccctcc ggagcataga gcttggaggg 4500 
gttgtgggaa tgctccaaga tcatcgatga 4560 
taggtgtaaa attccttgac gaataccaat 4620 
atcaatctga tattgataca cataatagaa 4680 
taggcaaggg cttgagctca cgctcttgtg 4740 
tgaatactcc atggagaaac ccagatctac 4800 
tgccagccat ctgttgtttg cccctccccc 4860 
cccactgtcc tttcctaata aaatgaggaa 4920 
tctattctgg ggggtggggt ggggcaggac 4980 
aggcatgctg gggatgcggt gggctctatg 5040 
tcgacagctc gactctagaa ttcactggcc 5100 
cctggcgtta cccaacttaa tcgccttgca 5160 
agcgaagagg cccgcaccga tcgcccttcc 5220 
cgcctgatgc ggtattfctct ccfctacgcat 5280 
actctcagta caatctgctc tgatgccgca 5340 
cccgctgacg cgccctgacg ggcttgtctg 5400 
accgtctccg ggagctgcat gtgtcagagg 5460 

5488 



tataggttaa tgtcatgata ataatggttt 60 
atgtgcgcgg aacccctatt tgtttatttt 120 
tgagacaata accctgataa atgcttcaat 180 
aacatttccg tgtcgccctt attccctttt 240 



6/15 



WO 03/004055 



PCT/US01/43151 



ttgcggcatt ttgccttcct gtttttgctc acccagaaac gctggtgaaa gtaaaagatg 300 
ctgaagatca gttgggtgca cgagtgggtt acatcgaact ggatctcaac agcggtaaga 360 
tccttgagag ttttcgcccc gaagaacgtt ttccaatgat gagcactttt aaagttctgc 420 

- — • fcafegtggcgc ggtattatcc cgtattgacg ccgggcaaga gcaactcggt. cgccgcatac 480 

actattctca gaatgacttg gttgagtact caccagtcac agaaaagcat cttacggatg 540 
gcatgacagt aagagaatta tgcagtgctg ccataaccat gagtgataac actgcggcca 600 
acttacttct gacaacgatc ggaggaccga aggagctaac cgcttttttg cacaacatgg 660 
gggatcatgt aactcgcctt gatcgttggg aaccggagct gaatgaagcc atacoaaacg 720 
acgagcgtga caccacgatg cctgtagcaa tggcaacaac gttgcgcaaa ctattaactg 780 
gcgaactact tactctagct tcccggcaac aattaataga ctggatggag gcggataaag 840 
ttgcaggacc acttctgcgc tcggcccttc cggctggctg gtttattgct gataaatctg 900 
gagccggtga gcgtgggtct cgcggtatca ttgcagcact ggggccagat ggtaagccct 960 
cccgtatcgt agttatctac acgacgggga gtcaggcaac tatggatgaa cgaaatagac 1020 
agatcgctga gataggtgcc tcactgatta agcattggta actgtcagac caagtttact 1080 
catatatact ttagattgat ttaaaacttc atttttaatt taaaaggatc taggtgaaga 1140 
tcctttttga taatctcatg accaaaatcc cttaacgtga gttttcgttc cactgagcgt 1200 
cagaccccgt agaaaagatc aaaggatctt cttgagatcc tttttttctg cgcgtaatct 1260 
gctgcttgca aacaaaaaaa ccaccgctac cagcggtggt ttgtttgccg gatcaagagc 1320 
taccaactct ttttccgaag gtaactggct tcagcagagc gcagatacca aatactgtcc 1380 
ttctagtgta gccgtagtta ggccaccact tcaagaactc tgtagcaccg cctacatacc 1440 
tcgctctgct aatcctgtta ccagtggctg ctgccagtgg cgataagtcg tgtcttaccg 1500 
ggttggactc aagacgatag ttaccggata aggcgcagcg gtcgggctga acggggggtt 1560 
cgtgcacaca gcccagcttg gagcgaacga cctacaccga actgagatac ctacagcgtg 1620 
agcattgaga aagcgccacg cttcccgaag ggagaaaggc ggacaggtat ccggtaagcg 1680 
gcagggtcgg aacaggagag cgcacgaggg agcttccagg gggaaacgcc tggtatcttt ■ 1740 
atagtcctgt cgggfcttcgc cacctctgac ttgagcgtcg atttttgtga tgctcgtcag 1800 
SFSFSFggcggag cctatggaaa aacgccagca acgcggcctt tttacggttc ctggcctttt 1860 
gctggccttt tgctcacatg ttctttcctg cgfctatcccc tgattctgtg gataaccgta 1920 
ttaccgcctt tgagtgagct gataccgctc gccgcagccg aacgaccgag cgcagcgagt 1980 
cagtgagcga ggaagcggaa gagcgcccaa tacgcaaacc gcctctcccc gcgcgttggc 2040 
cgattcatta atgcagctgg cacgacaggt ttcccgactg gaaagcgggc agtgagcgca 2100 
acgcaattaa tgtgagttag ctcactcatt aggcacccca ggctttacac tttatgcttc 2160 
cggctcgtat gttgtgtgga attgtgagcg gataacaatt tcacacagga aacagctatg 2220 
accatgatta cgccaagcta gtcgacataa atcaatattg gctattggcc attgcatacg 2280 
ttgtatctat atcataatat gtacatttat attggctcat gtccaatatg accgccatgt 2340 
tgacattgat tattgactag ttattaatag taatcaatta cggggtcatt agttcatagc 2400 
ccatatatgg agttccgcgt fcacataactt acggtaaatg gcccgcctcg tgaccgccca 2460 
acgacccccg cccattgacg tcaataatga cgtatgttcc catagtaacg ccaataggga 2520 
ctttccattg acgtcaatgg gtggagtatt tacggtaaac tgcccacttg gcagtacatc 2580 
aagtgtatca tatgccaagt ccggccccct attgacgtca atgacggtaa atggcccgcc 2640 
tggcattatg cccagtacafc gaccttacgg gaetttccta cttggcagta catctacgta 2700 
ttagtcatcg ctattaccat ggtgatgcgg ttttggcagt acaccaatgg gcgtggatag 2760 
cggtttgact cacggggatt tccaagtctc caccccattg acgtcaatgg gagtttgttt 2820 
tggcaccaaa atcaacggga ctttccaaaa tgtcgtaata accccgcccc gttgacgcaa 2880 
atgggcggta ggcgtgtacg gtgggaggtc tatataagca gagctcgttt agtgaaccgt 2940 
cagatcgcct ggagacgcca tccacgctgt tttgacctcc atagaagaca ccgggaccga 3000 
tccagcctcc gcggccggga acggtgcatt ggaacgcgga ttccccgtgc caagagtgac 3060 
gtaagtaccg cctatagact ctataggcac acccctttgg ctcttatgca tgctatactg 3120 
tttttggctt ggggcctata cacccccgct ccttatgcta taggfcgatgg tatagcttag 3180 
cctataggtg tgggttattg accattattg accactcccc tattggtgac gatactttcc 3240 
attactaatc cataacatgg ctctttgcca caactatctc tattggctat atgccaatac 3300 
tctgtccttc agagacfcgac acggactctg tatttttaca ggatggggtc ccatttatta 3360 
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tttacaaatt cacatataca acaacgccgt 
gcgtgggatc tccacgcgaa tctcgggtac 
cggcggagct tccacatccg agccctggtc 
cagctccttg eteet'saesrg tggaggccag 
cagtgtgccg cacaaggccg tggcggtagg 
ggctcgcacc gtgacgcaga tggaagactt 
tgagttgttg tattctgata agagtcagag 
gagggcagtg tagtctgagc agtactcgtt 
tgacagacta acagactgtt cctttccatg 
caatcatgga tgcaatgaag agagggctct 
tcgtttcggc tagcaatggc gacaaattat 
taaaacgttc cggaggtctt atgcccagag 
aaatgaatat taatctttat gatcacgcga 
atgacggata tgtttccact tctattagtt 
tattatcagg atattccact tactatatat 
atgttaatga tgtattaggc gtatacagcc 
taggtggaat accatattct cagatatatg 
atgaacgatt acatcgtaac agggaatata 
ctccggcaga ggatggttac agattagcag 
aagaaccctg gattcatcat gcaccacaag 
gtgatacttg taatgaggag acccagaatc 
caaaagttaa gaggcagata ttttcagact 
ttcgggatga attatgagga tcctcgcaat 
cacgctcttg tgagggacag aaafcacaatc 
acccagatct acgtatgatc agcctcgact 
tgcccctccc ccgtgccttc cttgaccctg 
taaaatgagg aaattgcatc gcattgtctg 
gtggggcagg acagcaaggg ggaggattgg 
gtgggctcta tggcttctga ggcggaa^ga 
aattcactgg ccgtcgtttt acaacgtcgt 
aatcgccttg cagcacatcc ccctttcgcc 
gatcgccctt cccaacagtt gcgcagcctg 
ctccttacgc atctgtgcgg tatttcacac 
tctgatgccg catagttaag ccagccccga 
cgggcttgtc tgctcccggc atccgcttac 
atgtgtcaga ggttttcacc gtcatcaccg 
<210> 5 
<211> 5089 
<212> DH& 

<213> plasmid pFJV2G05 
<400> 5 

gacgaaaggg cctcgtgata cgcctatttt 
cttagacgtc aggtggcact tttcggggaa 
tctaaataca ttcaaatatg tatccgctca 
aatattgaaa aaggaagagt atgagtattc 
tfcgcggcatt ttgccttcct gtttttgctc 
ctgaagatca gttgggtgca cgagtgggtt 
tccttgagag ttttcgcccc gaagaacgtt 
tatgtggcgc ggtafctatcc cgtattgacg 
actattctca gaatgacttg gttgagtact 
gcatgacagt aagagaatta tgcagtgctg 



cccccgtgcc cgcagttttt attaaacata 3420 
gtgttccgga catgggctct tctccggtag 3480 
ccatgcctcc agcggctcat ggtcgctcgg 3540 
acttaggcac agcacaatgtr ccaccaccac 3600 
gtatgtgtct gaaaatgagc tcggagattg 3660 
aaggcagcgg cagaagaaga tgcaggcagc 3720 
gtaactcccg ttgcggtgct gttaacggtg 37 BO 
gctgccgcgc gcgccaccag ac&taatagc 3840 
ggtcttttct gcagtcaccg tccaagcttg 3900 
gctgtgtgct gctgctgtgt ggagcagtct 3960 
accgtgctga ctctagaccc ccagatgaaa 4020 
ggcataatga gtacttcgat agaggaactc 4030 
gaggaacaca aaccggcttt gfccagatatg 4140 
tgagaagtgc tcacttagca ggacagtcta 4200 
atgttatagc gacagcacca aatatgttta 4260 
ctcacccata tgaacaggag gtttctgcgt 4320 
gatggtatcg tgttaatttt ggtgtgattg 4380 
gagaccggta ttacagaaat ctgaatatag 4440 
gtttcccacc ggatcaccaa gcttggagag 4500 
gttgtggaaa ttcatcaaga acaatfcacag 4560 
fcgagcacaat atatctcagg aaatatcaat 4620 
atcagtcaga ggttgacata tataacagaa 4680 
ccctaggagg attaggcaag ggcttgagct 4740 
aggggcagta tatgaatact ccatggagaa 4800 
gtgccttcta gttgccagcc atctgttgtt 4860 
gaaggtgcca ctcccactgt cctttccfcaa 4920 
agtaggtgtc attctattct ggggggtggg 4980 
gaagacaata gcaggcatgc tggggatgcg 5040 
accagcfcggg gctcgacagc tcgactctag 5100 
gactgggaaa accctggcgt fcacccaactt 5160 
agctggcgta atagcgaaga ggcccgoacc 5220 
aatggcgaat ggcgcctgat gcggtatttt 5280 
cgcatatggt gcactctcag tacaatctgc 5340 
cacccgccaa cacccgctga cgcgccctga 5400 
agacaagctg tgaccgtctc cgggagctgc 5460 
aaacgcgcga 5500 



tataggttaa tgtcatgata ataatggttt 60 
atgtgcgcgg aacccctatt tgtttatttt 120 
tgagacaata accctgataa atgcttcaat 180 
aacatttccg tgtcgccctt attccctttt 240 
acccagaaac gctggtgaaa gtaaaagatg 300 
acatcgaact ggatctcaac agcggtaaga 360 
ttccaatgat gagcactttt aaagttctgc 420 
ccgggcaaga gcaactcggt cgccgcatac 480 
caccagtcac agaaaagcat cfctacggatg 540 
ccataaccat gagtgataac actgcggcca 600 
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acttacttct gacaacgatc ggaggaccga 
gggatcatgt aactcgcctt gatcgttggg 
acgagcgtga caccacgatg cctgtagcaa 
gcgaactact- tactctagct -tcccggcaac 
ttgcaggacc acttctgcgc tcggcccttc 
gagccggtga gcgtgggtct cgcggtatca 
cccgtatcgt agttatctac acgacgggga 
agatcgctga gataggtgcc tcactgatta 
catatatact ttagattgat ttaaaacttc 
tcctttttga taatctcatg accaaaatcc 
cagaccccgt agaaaagatc aaaggatctt 
gcfcgcttgca aacaaaaaaa ccaccgctac 
taccaacict ttttccgaag gtaactggct 
ttctagtgta gccgtagtta ggccaccact 
tcgctctgct aatcctgtta ccagtggctg 
ggttggactc aagacgatag ttaccggata 
cgtgcacaca gcccagcttg gagogaacga 
agcattgaga aagcgccacg cttcccgaag 
gcagggtcgg aacaggagag cgcacgaggg 
atagtcctgt cgggtttcgc cacctctgac 
ffgffSJScggag cctatggaaa aacgccagca 
gctggccttt tgctcacatg ttctttcctg 
ttaccgcctt tgagtgagct gataccgctc 
cagtgagcga ggaagcggaa gagcgcccaa 
cgattcatta atgcagctgg cacgacaggt 
acgcaattaa tgtgagttag ctcactcatt 
cggctcgtat gttgtgtgga attgtgagcg 
accatgatta cgccaagcta gtcgacataa 
ttgtatctat atcataatat gtacatttat 
tgacattgat tattgactag ttattaatag 
ccatatatgg agttccgcgt tacataactt 
acgacccccg cccattgacg tcaataatga 
ctttccattg acgfccaatgg gtggagtatt 
aagtgtatca tatgccaagt ccggccccct 
tggcattatg cccagtacat gaccttacgg 
ttagtcatcg ctattaccat ggtgatgcgg 
cggtttgact cacggggatt tccaagtctc 
tggcaccaaa atcaacggga ctttccaaaa 
atgggcggta ggcgtgtacg gtgggaggtc 
cagatcgcct ggagacgcca tccacgctgt 
tccagcctcc gcggccggga acggtgcatt 
gtaagtaccg cctatagact ctataggcac 
tttttggctt ggggcctata cacccccgct 
cctataggtg tgggttattg accattattg 
attactaatc cataacatgg ctctttgcca 
tctgtccttc agagactgac acggactctg 
tttacaaatt cacatataca acaacgccgt 
gcgtgggatc tccacgcgaa tctcgggtac 
cggcggagct tccacatccg agccctggtc 
cagctccttg ctcctaacag tggaggccag 
cagtgtgccg cacaaggccg tggcggtagg 
ggctcgcacc gtgacgcaga tggaagactt 



aggagctaac cgcttttttg cacaacatgg 660 
aaccggagct gaatgaagcc ataccaaacg 72 0 
tggcaacaac gfctgcgcaaa ctattaactg 780 
aattaataga ctggatggag gcggataaag -8-40 
cggctggctg gfctfcattgct gataaatctg 900 
ttgcagcact ggggccagat ggtaagccct 960 
gtcaggcaac tatggatgaa cgaaatagac 1020 
agcattggta actgtcagac caagtttact 1080 
atttttaatt taaaaggatc taggtgaaga 1140 
cttaacgtga gttttcgttc cactgagcgt 1200 
ctbgagatcc tttttttctg cgcgtaatct 1260 
cagcggtggt ttgtttgccg gatcaagagc 1320 
tcagcagagc gcagabacca aatactgtcc 1380 
tcaagaactc tgtagcaccg cctacatacc 1440 
ctgccagtgg cgataagtcg tgtcttaccg 1500 
aggcgcagcg gtcgggctga acggggggtt 1560 
cctacaccga actgagatac ctacagcgtg 1620 
ggagaaaggc ggacaggtat ccggtaagcg 1680 
agcttccagg gggaaacgcc tggtatcttt 1740 
ttgagcgtcg atttttgtga tgctcgtcag 1800 
acgcggcctt tttacggttc ctggcctttt 1860 
cgbtatcccc tgattctgtg gataaccgta 1920 
gccgcagccg aacgaccgag cgcagcgagt 1980 
tacgcaaacc gcctctcccc gcgcgttggc 2040 
ttcccgactg gaaagcgggc agtgagcgca 2100 
aggcacccca ggctttacac tttatgcttc 2160 
gataacaatt tcacacagga aacagctatg 2220 
atcaatattg gctattggcc attgcatacg 2280 
attggctcat gtccaatatg accgccatgt 2340 
taatcaatta cggggtcatt agttcatagc 2400 
acggtaaatg gcccgcctcg tgaccgccca 2460 
cgtatgttcc catagtaacg ccaataggga 2520 
tacggtaaac tgcccacttg gcagtacatc 2580 
attgacgtca atgacggtaa atggcccgcc 2640 
gaotttccta cttggcagta catctacgta 2700 
ttttggcagt acaccaatgg gcgtggafcag 2760 
caccccattg acgtcaatgg gagtttgttt 2820 
tgtcgtaata accccgcccc gttgacgcaa 2880 
tatataagca gagcfccgttt agtgaaccgt 2940 
tttgacctcc atagaagaca ccgggaccga 3000 
ggaacgcgga ttccccgfcgc caagagtgac 3060 
acccctttgg ctcttatgca tgctatactg 3120 
ccttatgcta fcaggtgatgg tatagcttag 3180 
accactcccc tattggtgac gatactttcc 3240 
caactatctc tattggctat atgccaatac 3300 
tatttttaca ggatggggfcc ccatttatta 3360 
cccccgtgcc cgcagttttt attaaacata 3420 
gtgttccgga catgggctct tctccggtag 3480 
ccatgcctcc agcggctcat ggtcgctcgg 3540 
acttaggcac agcacaatgc ccaccaccac 3600 
gtatgtgtct gaaaatgagc tcggagattg 3660 
aaggcagcgg cagaagaaga tgcaggcagc 3720 
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tgagttgttg tattctgata agagtcagag 
gagggcagtg tagtotgagc agtactcgtt 
tgacagacta acagactgtt cctttccatg 
caatcatgga tgcaatgaag agaggg^ct ' 
tcgtttcggc tagcgctccc cagtctatta 
aaatatatac gataaatgac aagatactat 
aaatggttat cattacattt aagagcggcg 
aacatataga cfccccaaaaa aaagccattg 
atctgaccga gaccaaaatt gataaattat 
ttgcggcaat cagtatggaa aactagggat 
gcttgagctc acgctcttgt gagggacaga 
catggagaaa cccagatcta cgtatgatca 
tctgttgttt gcccctcccc cgtgccttcc 
ctttcctaat aaaatgagga aattgcatcg 
gggggtgggg tggggcagga cagcaagggg 
ggggatgcgg tgggctctat ggcttctgag 
cgactctaga attcactggc cgtcgfcttta 
acccaactta atcgccttgc agcacatccc 
gcccgcaccg atcgcccttc caaacagttg 
cggtattttc tcctfcacgca tctgtgcggt 
acaatctgct ctgatgccgc atagttaagc 
gcgccctgac gggcttgtct gctcccggca 
gggagctgca tgtgtcagag gttttcaccg 
<210> 6 
<211> 5488 
<212> DNA 

<213> plasmid pPJV2007 
<400> 6 

gacgaaaggg cctcgtgata cgcctatttt 
cttagacgtc aggtggcact tttcggggaa 
tctaaataca ttcaaatatg tatccgctca 
aatattgaaa aaggaagagt atgagtattc 
ttgcggcatt ttgccttcct gtttttgctc 
ctgaagatca gttgggtgca cgagtgggtt 
tccttgagag ttttcgcccc gaagaacgtt 
tatgtggcgc ggtattatcc cgtattgacg 
actattctca gaatgacttg gttgagtact 
gcatgacagt aagagaatta tgcagtgctg 
acttacttct gacaacgatc ggaggaccga 
gggatcatgt aactcgcctt gatcgttggg 
acgagcgtga caccacgatg cctgtagcaa 
gcgaactact tactctagct tcccggcaac 
ttgcaggacc acttctgcgc tcggcccttc 
gagccggtga gcgtgggtct cgcggtatca 
cccgtatcgt agttatctac acgacgggga 
agatcgctga gataggtgcc tcactgatta 
cafcatatact ttagattgat ttaaaacttc 
tcctttttga taatctcatg accaaaatcc 
cagaccccgt agaaaagatc aaaggatctt 
gctgcttgca aacaaaaaaa ccaccgctac 
taccaactct ttttccgaag gtaactggct 



gtaactcccg ttgcggtgct gttaacggtg 3780 
gctgccgcgc gcgccaccag acataatagc 3840 
ggtcttttct gcagtcaccg tccaagcttg 3900 
gctgtgtgct gct^ctgtgt ggagcagtct 3960 
cagaactatg ttcggaatat cgcaacacac 4020 
catatacgga atcgatggca ggcaaaagag 4080 
caacatttca ggtcgaagtc ccgggcagtc 4140 
aaaggatgaa ggacacatta agaatcacat 4200 
gtgtatggaa taataaaacc cccaattcaa 4260 
cctcgcaatc cctaggagga ttaggcaagg 4320 
aatacaatca ggggcagtat atgaatactc 4380 
gcctcgactg tgccttctag ttgccagcca 4440 
ttgaccctgg aaggtgccac tcccactgtc 4500 
cattgtctga gtaggtgtca ttctattctg 4560 
gaggattggg aagacaatag caggcatgct 4620 
gcggaaagaa ccagctgggg ctcgacagct 4680 
caacgtcgtg actgggaaaa ccctggcgtt 4740 
cctttcgcca gctggcgtaa tagcgaagag 4800 
cgcagcctga atggcgaatg gcgcctgatg 4860 
atttcacacc gcatatggtg cactctcagi: 4920 
cagccccgac acccgccaac acccgctgac 4980 
tccgcttaca gacaagctgt gaccgtcfccc 5040 
tcatcaccga aacgcgcga 5089 



tataggttaa tgtcatgata ataatggttt 60 
atgtgcgcgg aacccctatt tgtttatttt 120 
tgagacaata accctgataa atgcttcaat 180 L 
aacatttccg tgtcgccctt attccctttt 240 
acccagaaac gctggtgaaa gtaaaagatg 300 
acatcgaact ggatctcaac agcggtaaga 360 
ttccaatgat gagcacfcttt aaagttctgc 420 
ccgggcaaga gcaactcggt cgccgcatac 480 
caccagtcac agaaaagcat cttacggatg 540 
ccataaccat gagtgataac actgcggcca 600 
aggagctaac cgcttttttg cacaacatgg 660 
aaccggagct gaatgaagcc ataccaaacg 720 
tggcaacaac gttgcgcaaa ctattaactg 780 
aattaataga ctggatggag gcggataaag 840 
cggctggctg gtttattgct gataaatctg 900 
ttgcagcact ggggccagat ggtaagocct 960 
gtcaggcaac tatggatgaa cgaaatagac 102 0 
agcattggta actgtcagac caagtttact 1080 
atttttaatt taaaaggatc taggtgaaga 1140 
cttaacgtga gttttcgttc cactgagcgt 1200 
cttgagatcc tttttttctg cgcgtaatct 1260 
cagcggtggt ttgtttgccg gatcaagagc 132 0 
tcagcagagc gcagatacca aatactgtcc 1380 
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ttctagtgta gccgtagtta ggccaccacb 
tcgctctgct aatcctgtta ccagtggctg 
ggttggactc aagacgatag ttaccggata 
- cgbgcaeaca- geecagcttg gagcgaacga 
agcattgaga aagcgccacg cttcccgaag 
gcagggtcgg aacaggagag cgcacgaggg 
atagtcctgt cgggtttcgc cacctctgac 
gggggcggag cctatggaaa aacgccagca 
gctggccttt tgctcacatg ttcttbcctg 
ttaccgcctt tgagtgagct gataccgctc 
cagtgagcga ggaagcggaa gagcgcccaa 
cgattcatta atgcagctgg cacgacaggt 
acgcaattaa tgtgagttag ctcactcatt 
cggctcgtat gttgtgtgga abbgtgagcg 
accatgatta cgccaagcta gtcgacabaa 
ttgtatctat afccataatat gtacatttat 
tgacattgat tattgactag btabbaabag 
ccatatatgg agbtccgcgt tacataactt 
acgacccccg cccattgacg tcaataatga 
ctttccattg acgtcaatgg gtggagtatt 
aagtgtatca tatgccaagt ccggccccct 
tggcattatg cccagtacat gaccttacgg 
ttagtcatcg ctattaccat ggbgatgcgg 
cggtttgact cacggggatt tccaagtctc 
tggcaccaaa atcaacggga ctttccaaaa 
atgggcggta ggcgtgtacg gtgggaggtc 
cagabcgccb ggagacgcoa tccacgctgt 
tccagcctcc gcggccggga acggtgcatt 
gbaagbaccg cctatagact ctataggcac 
tttttggctt ggggcctata cacccccgct 
cctataggtg tgggttattg accattattg 
attactaatc cataacatgg ctctttgcca 
tctgtccttc agagactgac acggactctg 
tttacaaatt cacatataca acaacgccgt 
gcgbgggabc tccacgcgaa tctcgggtac 
cggcggagct tccacatccg agccctggtc 
cagctccttg ctcctaacag tggaggccag 
cagtgtgccg cacaaggccg tggcggtagg 
ggctcgcacc gtgacgcaga tggaagactt 
tgagttgttg tattctgata agagtcagag 
gagggcagtg tagtctgagc agtactcgtt 
tgacagacta acagactgtt cctttccatg 
caatcatgga bgcaabgaag agagggctct 
tcgtttcggc tagcaatggc gacaaattat 
taaaacgttc cggaggtctt atgcccagat 
aaatgaatat taatctttat gatcacgcga 
atgacggata tgtttccact bcbctbagbb 
tattatcagg atattccact tactatatat 
atgttaabga tgbabtaggc gtabacagcc 
baggbggaat accababbct cagatatatg 
abgaacgabt acatcgbaac agggaabata 
cbccggcaga ggatggbtac agattagcag 



bcaagaacbc tgtagcaccg cctacatacc 1440 
ctgccagbgg cgabaagtcg tgbcbbaccg 1500 
aggcgcagcg gtcgggctga acggggggbb 1560 
ccbacaccga actgaga-tac ctacagcgbg 16-20- 
ggagaaaggc ggacaggbab ccggtaagcg 1680 
agcttccagg gggaaacgcc tggtabcbbb 1740 
tbgagcgbcg abtbbbgbga bgcbcgbcag 1800 
acgcggccbb bttacggbbc ctggccbbbb 1860 
cgttabcccc bgabbcbgbg gabaaccgta 1920 
gccgcagccg aacgaccgag cgcagcgagb 1980 
bacgcaaacc gcctctcccc gcgcgbbggc 2040 
btcccgacbg gaaagcgggc agbgagcgca 2100 
aggcacccca ggctttacac bttatgcbtc 2160 
gabaacaatt bcacacagga aacagcbabg 2220 
atcaatattg gcbabtggcc atbgcatacg 2280 
atbggctcat gtccaababg accgccabgb 2340 
baabcaabta cggggbcabt agbbcatagc 2400 
acggbaaatg gcccgcctcg bgaccgccca 2460 
cgbabgtbcc cabagbaacg ccaabaggga 2520 
bacggtaaac bgcccactbg gcagtacatc 2580 
atbgacgbca atgacggbaa abggcccgcc 2640 
gacbbtccba cbbggcagba catcbacgba 2700 
bbbbggcagb acaccaabgg gcgtggatag 2760 
caccccabbg acgbcaatgg gagbbbgbbb 2820 
bgbcgtaaba accccgcccc gbbgacgcaa 2880 
bababaagca gagctcgtbb agbgaaccgb 2940 
bbbgaccbcc abagaagaca ccgggaccga- 3000 
ggaacgcgga bbccccgtgc caagagbgac 3060 
accccbbbgg cbcbtabgca bgcbabacbg 3120 
ccbfcabgcba baggbgatgg babagcbbag 3180 
accacbcccc tabtggbgac gabacbbbcc 3240 
caacbabcbc babbggcbab atgccaatac 3300 
tattbtbaca ggabggggbc ccabbbabba 3360 
cccccgbgcc cgcagbbbbb abbaaacaba 3420 
gbgtbccgga cabgggcbcb bcbccggbag 3480 
ccatgccbcc agcggcbcab ggbcgctcgg 3540 
acttaggcac agcacaabgc ccaccaccac 3600 
gbatgbgbcb gaaaabgagc tcggagatbg 3 660 
aaggcagcgg cagaagaaga bgcaggcagc 3720 
gbaactcccg bbgcggbgct gttaacggtg 3780 
gcbgccgcgc gcgccaccag acataabagc 3840 
ggbcbtttcb gcagbcaccg bccaagcbtg 3900 
gcbgbgtgcb gcbgcbgbgb ggagcagbcb 3960 
accgbgctga cbcbagaccc ccagabgaaa 4020 
ggcabaabga gbacbbcgab agaggaacbc 4080 
gaggaacaca aaccggcbbb gtcagababg 4140 
bgagaagbgc bcacbbagca ggacagbcba 4200 
abgbbabagc gacagcacca aababgbbba 4260 
cbcacccaba bgaacaggag gbbbcbgcgb 4320 
gabggtabcg bgbbaabbbb ggbgbgabbg 4380 
gagaccggba bbacagaaab cbgaababag 4440 
gbbbcccacc ggabcaccaa gcbbggagag 4500 
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aagaaccctg gattcatcat gcaccacaag gttgtggaaa 
gtgatacttg taatgaggag acccagaatc tgagcacaat 
caaaagttaa gaggcagata ttttcagact atcagtcaga 
tttgaggatc c-tcgcaatcc ctaggagg&t-feaggcaaggg 
agggacagaa atacaatcag gggcagtata tgaatactcc 
gtatgatcag cctcgactgt gccttctagt tgccagccat 
gtgccttcct tgaccctgga aggtgccact cccactgtcc 
attgcatcgc attgtctgag taggtgtcat tctattctgg 
agcaaggggg aggattggga agacaatagc aggcatgctg 
gcttctgagg cggaaagaac cagctggggc tcgacagctc 
gtcgttttac aacgtcgtga ctgggaaaac cctggcgtta 
gcacatcccc ctttcgccag ctggcgtaat agcgaagagg 
caacagttgc gcagcctgaa tggcgaatgg cgcctgatgc 
ctgtgcggta tttcacaccg catatggtgc actctcagta 
tagttaagcc agccccgaca cccgccaaca cccgctgacg 
ctcccggcat ccgcttacag acaagctgtg aocgtctccg 
ttttcaccgt catcaccgaa acgcgcga 
<210> 7 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
construct 

<400> 7 

ggagctagca atgatgataa gttatatcgg 30 
<210> 8 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : synthetic 
construct 

<40Q> 8 

cctggatcct cataattcat ccttaattct 3 0 

<210> 9 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
construct 

<400> 9 

ggagctagca cacctcaaaa tattactgat 30 
<210> 10 
<211> 30 



ttcatcaaga acaattacag 4560 
atatctcagg aaatatcaat 4620 
ggttgacata tataacagaa 4680 

cttgagctca cgctcttgtg 4740 

atggagaaac ccagatctac 4800 
ctgttgtttg cccctccccc 4860 
tttcctaata aaatgaggaa 4920 
ggggtggggt ggggcaggac 4980 
gggatgcggt gggctctatg 5040 
gactctagaa ttcactggcc 5100 
cccaacttaa tcgccttgca 5160 
cccgcaccga tcgcccttcc 5220 
ggtattttct ccttacgcat 5280 
caatctgctc tgatgccgca 5340 
cgccctgacg ggcttgtctg 5400 
ggagctgcat gtgtcagagg 5460 

5488 
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<212> DNA 

<213> Artificial Sequence 
<220> 

-<223> -Description . of Artificial Sequence.: synthetic 
construct 

<400> 10 

cctggatcct taatttgcca tactaattgc 
<210> 11 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
construct 

<400> 11 

cctggatcct caaattctat tatgtgtatc 
<210> 12 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : synthetic 
construct 

<400> 12 

ggagctagca atggcgacaa attataccgt 
<210> 13 
<211> 30, 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : synthetic 
construct 

<400> 13 

cctggatcct cataattcat cccgaattct 
<210> 14 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
construct 

<400> 14 



30 



30 



30 



30 
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ggagctagcg ctccccagtc tattacagaa 
<21Q> 15 
<211> 30 

— <212> -TMK ■-■ ~- ■■■ 

<213> Artificial Sequence 

<220> 

<222> Description of Artificial Sequence: synthetic 
construct 



<400> 15 

cctggatccc tagttttcca tactgattgc 
<210> 16 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : synthetic 
construct 



<40G> 16 

cctggatcct caaattctgt tatatatgtc 30 

<210> 17 
<211> 65 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : synthetic 
construct 

<400> 17 

cccaagcttc caccatgagc cttctaaccg aggtcgaaac acctatcaga aacgaatggg 60 
agtgc 65 
<210> 18 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
construct 



<400> 18 

cccggatcct tactccagct ctatgctg 28 
<210> 19 
<211> 17 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: synthetic 
construct 

,.<40.0>.-.X9.. ... . 

Ser Leu Leu Thr Glu Val Glu Thr Pro lie Arg Asn Glu Trp Glu Cys 

15 10 15 

Arg 

<210> 20 
<211> 12 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
construct 

<400> 20 

lie Pro Gin Ser Leu Asp Ser Trp Trp Thr Ser Leu 
15 10 

<210> 21 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
construct 

<400> 21 

Arg lie Gin Arg Gly Pro Gly Arg Ala Phe Val lie Thr Gly Lys 
15 10 15 

<210> 22 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
construct 

<400> 22 

Arg Gly Pro Gly Arg Ala Phe Val Thr lie 
15 10 
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